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We see your 
expectations of 
visualization and 
we raise them. 



C 

^rvmKinp advanced visualiza¬ 
tion with the powerful computation 
of MATLAB, and gain new insigjit into 
your most challenging prohlems. 

The MathWorks 
introduces MATLAB 4.0 

Matlab 4.0 blends visualization 
techniques and numeric computa¬ 
tion into a seamless interactive envi¬ 
ronment that redefines how you can 
solve complex problems. You can 
anafyze data numerical^ and visual^, 



Three views of the surface height of a pemy show 
user customizable object-^iriented graphics in 
Matlab 4.0. Data courtesy of NI^. 

simulate models and see the results 
immediatefy, or explore ideas and 
test them interactively. 

More than meets the eye 
Matlab 4.0 provides engineers, 
scientists, and other technical pro¬ 
fessionals with an extensive library 
of built-in computational tools, com¬ 
bined with a powerful fourth-genera¬ 
tion language. 

As a result, Matlab offers the conve¬ 
nience of a pre-packaged application 
program and the extensibility and 
flexibility of a high-level language. 
Much easier to use than Fortran or 
C, Matlab yields tremendous gains 
in productivity and creativity—for 
over 100,000 users woridwide. 

Spectrogram of Handel's Hallelujah Chorus, 
computed and displayed with MATLAB 4.0 and 
the Signal Processing Toolbox. 



New Feature Highlights 

VYrth our flexible new object-orient¬ 
ed Handle Graphics™ system, you 
can customize virtually every con¬ 
ceivable attribute of your plots. 



class experts in 
their fields, provide special-^ 
ized solutions. Based on Matlab, 
they combine pre-packaged func¬ 
tionality with an open systems 
approach that allows you to see 


New graphics capabilities include; 

• 3-D shaded color surface graphs 

• 3-D contour plots 

• 3-D data trajectories 

• Image display 

• Light sources 

• Surface rendering 

• Animation 
Beyond the visual 

Other new features in MATLAB 
4.0 include; 

• Over 100 new functions 

• Sound output 

• Graphical user interface (GUI) 
tooikt 

• Flexible file I/O 

• Integrated debugging environment 

• Sparse matrix support 

• Ability to call Matlab as a com¬ 
putation engine from C and 
Fortran programs 

• Enhanced on-line help 

• New, expanded documentadon 

• Faster interpreter and graphics 



Frequency responses of a family of control 
systems, modeled, simulated and visualized in 
Maxim 4.0. 


Simvunk: 

Expanding the Uses of Matlab 

Add SiMULiNK to Matlab 4.0 and 
you can perform (fyrrarrric system 
simulation of nonlinear models in a 
graphical, mouse-driven environment. 


and modify the algorithms. 


The comprehensive MATLAB tool- j 

box family includes; 

• Signal Processing 

• Control System Design 

• Robust-Control Design 

• Mu-Analysis and Synthesis Design 

• System Identification 

• Neural Networks 

• Nonlinear Optimization 

• Spline Analysis 

• Chemometric Analysis | 



Develop completely customized GUIs for your 
matlab 4.0 applications using the built-in user 
interface toolset. 


Matlab 4.0 is available now for 
most standard MATLAB platforms 
including SPARCstations, 386/486 
PCs, HP/Apollo, DECstation, 

IBM, & Silicon Graphics. Please 
call for availability on Macintosh, 
VAXA^MS, & Cray. 




The 

MATH 



24 Prime Park Way/Natick, MA 01760 
508/653-1415 Fax:508/653-2997 

Email info@matliworks.com 


Powerful, Versatile Toolboxes 

Application toolboxes, designed 
and written in MATLAB by world- 


France; Scientific Software, +33-145-34-23-91 
Germany: BauscWSall GmbH. +49^9-995-9010 
Israel: Omikron Delta, +972-3-561-5151 
Japan: Cvbemet Systems.+81-3-39824641 
Scandinavia: CSEAB,+465-15-^0-22 
Switzerland: COMS6 l AG, +41-31-961-70-11 

U.K.: Cambridge dontrol, +44-223421-920 
U.K.: Rapid Data Ltd., +44903-202519 
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You graphically select node, link, and traffic generator objects, and position them on the 
screen with a mouse — no programming required, quick results. 


New object-oriented COMNET III 
predicts the performance of your internetwork 


Free trial and, if you act now, free training 


select objects from libraries 
J. of both standard and your own 
components - such as vendor 
specific routers: 


You also get performance 
measures for any object at any time 
during the simulation. 

No waiting for post-processing. 


Free trial offer 

Yes, I want to leam about COMNET III. 


• Nodes: Routers, computers, 
multiplexors, and ATM, 
frame relay, packet, or circuit 
switches... 

• Links: Ethernet, token ring, 
FDDl, polhng, point-to-point... 

• Workload: Apphcations, 
messages, packets, frames/ 
cells, calls. 

• Protocols: Transport, routing, 
and data link layers — standard 
or customized. 

Easily try alternatives 

You see an animated picture of 
the network, try alternatives during 
the simulation, and immediately 
see what happens. You can alter 
node, Unk, or traffic parameters, and 
fail nodes and links on the fly. 


Optional model tailoring 

In those cases where a propri¬ 
etary, classified, or non-standard 
network is being studied, you may 
alter objects at the code level by 
using the new object development 
environment. 

Your investment is safe 

COMNET in® runs on most 
UNIX workstations as well as PC’s 
with Windows or OS/2. Your 
investment is preserved as new 
computing technologies emerge. 

Free trial information 

The free trial contains every¬ 
thing you need to try COMNET HI 
on your computer. For a limited time 
we also include free training - 

no cost, no obligation. 



City State Zip 





I I : Send details on your University offer. 

I Return to: 

CACI Products Division Mie spec 

MECC Business Center 
, G. Martino Laan 85, 8th Floor 
1 6229GS Maastricht, The Netherlands 
I Call Joe Lenz on 31 43 670780 
1 Fax 31 43 670200 
I In the UK: 

» CACI Products Division 
I Coliseum Business Centre 
' Watchmoor Park, Riverside Way 
Camberley, Surrey GU15 3YL, UK 
Call Nigel McNamara on 0276 671 671 
I Fax 0276 670 677 
I In Canada: 

I CACI Products Division 
I 200-440 Laurier Avenue West 
' Ottawa, Ontario, KIR 7X6 
I Call Peter Holt on (613) 782-2474 
Fax (613) 782-2202 

I IntheU-S.: 

I CACI Products Company 
I 3333 North Torrey Pines Court 
I La Jolla, California 92037 
I Call Chris LeBaron at (619) 457-9681 
I Fax (619) 457-1184 

COMNET III is a registered trademark and service mark of 
CACI Products Company ©1993 


























Faster design cycles with MAFRIXx 


beginning. You can count on us to meet 
and exceed your expectations, today and 



has been consistendy upgraded. AutoCode™ is 
the first and only automatic code generator. 
And only Integrated Systems gives you the 
power to take your design from concept to 
implementation - with the high-performance 
AC-iOO™system, now based on the super¬ 
charged Intel i860. Version 3.0, offering 
interactive graphical 
debugging, was introduced 
in September 1992 to rave 


On-going quality. 

Over the last twelve months 
we’ve dramatically 
improved the quality of our 
products. But that’s just the 


Corporate Headquarters 
3260 Jay Street, Santa Clara, CA 95054 
Tel: (408) 980-1500 Fax: (408) 980-0400 
email: info@isi.com 


Driven worldwide. 

Leading automotive manufacturers in the 
U.S., Japan and Europe routinely use 
MATRIXx. Both in the lab and on the test 
track. We’re a standard for computer 
peripherals and process control appli¬ 
cations. And Space Station Freedom is 
currently being designed with our 
integrated approach. 


Take us for a spin. 

Call 800-932-6284 and we’ll send you oi 
informative hand¬ 
book, “Accelerating 
Systems Design.” Or 
ask for a compre¬ 
hensive evaluation tc 
see how MATRIXx 
can cost-effectively 
address your 
design needs. 


United Kingdom Headquarters 

First Floor, Gatehouse, Fretherne Road, Welwyn Garden City 

Herts AL8 6NS, England 

Tel: 0707 331199 Fax: 0707 391108 



MA TRIXx is a registered trademark and Xmath. SyslemButld. Autocode and AC~100 are trademarks of Integrated Systems, Inc. Dueati is a registered trademark of Cagiva 
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Ne\^^log 


MAY 12. Tokyo’s NEC Corp. 
and Toshiba Corp. said they are 
joining forces with MIPS Tech¬ 
nologies Inc., Mountain View, 
CA, to develop an advanced 
microprocessor for next-genera¬ 
tion desktop computers. The al¬ 
liance, whose chip will be based 
on MIPS’ reduced-instruction- 
set computing Q?ISC) technology, 
will compete with five other 
groups that have rallied around 
other RISC chips, each hoping to 
make theirs the world standard. 

MAY 12. Apple Computer Inc., 

Cupertino, CA, said it is devel¬ 
oping technology to enable appli¬ 
cation programs designed for its 
Macintosh PCs to run unmodi¬ 
fied on Unix workstations from 
Sun Microsystems, Hewlett- 
Packard, and IBM. Until now, 
Apple’s strategy has been to en¬ 
sure that Macintosh software 
runs only on Apple computers. 

MAY 13. Researchers from Hi¬ 
tachi Ltd.’s European labora¬ 
tories and Trinity College, 
Dublin, have combined two ad¬ 
vanced information-processing 
technologies—optical comput¬ 
ing and neural networking—^in 
an artificial eye that recognizes 
shapes and patterns in a vray that 
mimics human sight. The optical 
device can “learn” to recognize 
and distinguish between two pat¬ 
terns, irrespective of their posi¬ 
tion and movement None of 
today’s TV-scanning robot vision 
systems can do that. 

MAY 17. LDDS Communi¬ 
cations, Jackson, MS, said it had 
agreed to merge with Metro¬ 
media Communications Corp, 
East Rutherford, NJ, and Resur- 
gens Communications Corp., 
Atlanta, GA, to create what 
would be the fourth-largest U.S. 
long-distance phone carrier. The 
new company, to be called 
LDDS-Metro Communications 
Inc., would have aimual revenues 
of over US $L5 billion. 

MAY 17. Digital Equipment 
Corp., Maynard, MA, said it is 
working with LANCity Corp., 
Andover, MA, on technology for 


high-speed multimedia data 
networking over cable tele¬ 
vision lines, in competition with 
local telephone companies. The 
networks, which could connect 
sites up to 43 km apart, are to 
use the Ethernet standard and 
transmit data at 10 Mb/s—about 
seven times the capacity of most 
T-1 data lines. 

MAY 17. Time Warner Inc., 
New York City, and U S West 
Inc., Englewood, CO, said that 
U S West will invest $2.5 billion 
in a 25 percent stake in Time 
Warner’s cable and entertainment 
operations. The companies are 
to build an interactive network 
carrying video, data, and voice 
services on Time Warner cable- 
TV systems, reaching seven mil¬ 
lion subscribers. The pact marks 
the first time a Bell Operating 
Company has invested in pro¬ 
gramming that could be carried 
over the phone network. 

MAY 17. Xerox Corp., Stanford, 
CT, said it had combined a com¬ 
puter and a television receiver in 
a flat panel the size of a pad of 
paper to create video screens 
with photographic clarity. The 
displays are made from amor¬ 
phous silicon, measure 33 cm 
diagonally, and have 6.3 million 
pixels. 

MAY 19. Westinghouse Elec¬ 
tric Co., Pittsburgh, said it had 
clinched two contracts worth up 
to $400 million to supply tech¬ 
nology, equipment, and services 
to the partially completed Teme- 
lin nuclear power station in the 
Czech Republic. 

MAY 22. The Internet ^obal 
computer network carried its 
first digital TV movie. Wax: Or 
the Discovery of Television 
Among the Bees. Technicians at a 
film production studio in Man¬ 
hattan played it on a video¬ 
cassette recorder (VCR), fed 
it into a computer, then fed the 
digitized result into the Intemet. 
Engineers viewing Wax on their 
workstations called the picture 
acceptable, even though it had 
only half the resolution of a 


normal TV image, and was aired 
at the rate of two frames a 
second. 

MAY 24. The three top groups 
competing to develop next-gen¬ 
eration television technology in 
the United States said they had 
agreed on a single high- 
definition TV (HDTV) ap¬ 
proach. The move prevents dis¬ 
putes and litigation, which could 
have delayed the introduction of 
HDTV for years. The alliance 
hopes to develop a working mod¬ 
el within nine months. 

MAY 28. 'The Nuclear Re^- 
latory Commission, Rockville, 
MD, said it had warned the oper¬ 
ators of 34 nuclear boiling-water 
reactors designed by (General 
Electric Co., Fairfield, CT, that 
gas bubbles tend to block the 
pipes in their water-level mea¬ 
surement systems, causing false 
readings during routine shut¬ 
downs that could lead to unde¬ 
tected leaks. The commission 
told the utilities to take action 
within 15 days to improve water- 
level monitoring. 

MAY 31. HSST Corp., a Tokyo- 
based company affiliated with 
Japan Airlines Co., said it had 
agreed with Grumman Corp., 
Bethpage, NY, to jointly produce 
high-speed, magnetic-levitation 
trains in the United States. 
HSST win provide funds and 
technology, and Grumman will 
handle production. One possi¬ 
bility is l(X)-2(X)-km/h trains on a 
20-km route between Kennedy 
and La Guardia airports in New 
York City. 

JUNE 2. British Telecommu¬ 
nications PLC announced that 
it would buy one-fifth of MCI 
Communications Corp., Wash¬ 
ington, DC, for $4.5 billion and 
form an alliance to provide global 
networks for multinational cor¬ 
porations. MCI will sell services 
in the Americas and the Carib¬ 
bean, while British Telecom will 
handle Europe, Asia, and the 
Pacific Rim. 

JUNE 3. Tele-Communications 


Inc., Englewood, CO, and Time 
Warner Inc., New York City, 
said they would form a joint ven¬ 
ture to invest in developing com¬ 
patible hardware and software, 
so that users of their rival inter¬ 
active networks could communi¬ 
cate. The aim is to eliminate the 
kind of incompatibility problems 
that bedevilled the development 
of VCRs. 

JUNE 4. Researchers at Penn¬ 
sylvania State University, Uni¬ 
versity Park, said they had 
turned plastic into crystalline 
diamond by arranging the carbon 
atoms in a polymer and cooking 
it at kitchen-oven temperatures. 
The new mix could help chip 
makers replace the silicon in 
densely packed microelectronic 
circuits with diamond, a far bet¬ 
ter heat sink. 

JUNE 9. Microsoft Corp., Red¬ 
mond, WA, said its new software 
architecture, called Microsoft At 
Work, will grant users easy ac¬ 
cess to all information, regard¬ 
less of its origin or format, and 
will let them manage a range of 
office communications devices 
that today are incompatible. 
Microsoft said its architecture is 
supported by over 60 companies 
in office automation, communi¬ 
cations, and computers. The first 
new machines, probably fac¬ 
similes, will start appearing by 
year-end. 

Preview: 

JULY 17. The space shuttle 
Discovery is to be launched 
from the Kennedy Space Center, 
Cape Canaveral, FL, and deploy 
the Advanced Communica¬ 
tions Technology Satellite. 
The satellite, which is to operate 
for four years, is to conduct over 
60 experiments in such tech¬ 
nologies as multiple-hopping spot 
beams, on-board W^-speed 
digital baseband processing 
and switching, and adaptive rain- 
fade compensation techniques 
that could prevent storms from 
interrupting satellite communi¬ 
cations. 


COORDINATOR: Sally Cahur 
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20 Sensing the climate 

By GLENN ZORPEHE 
Technological breakthroughs combined 
with concern over the earth’s climate and 
environment are fostering a renaissance in 
remote sensing. Over the next decade, 
some 50 environmental satellites will be 
launched, with a cost in the tens of 
billions of dollars. They will monitor both 
man-made and natural influences, such as 
volcanic eruptions. The image at right 
shows the general cooling effects during 
May-August 1992 caused by Mount 
Pinatubo’s eruption in June 1991. 




ByTEKLAS. PERRY 
Simulations of the world’s climate, for 
studying such crucial prob¬ 
lems as global warming and 
the ozone hole, overwhelm 
even today’s fastest supercom¬ 
puters. A typical climate 
model has a resolution of 
approximately 500 kilometers 
square—too coarse to distin¬ 
guish the Rocky mountains 
from the Sierras. Researchers 
would like to use models with 
much finer resolutions— 
shown at left is a portrayal of 
North America taken from a 
climate model with 30 kilome¬ 
ter-square resolution. 


43 Running out 
of resources 


By RAYMOND S. LARSEN 

Except to blind believers in humanity's 

ability to transcend the laws of nature, it 


consuming the earth’s bounty at 
catastrophic speed. If this situation is to 
be corrected, competent technologists, 
like members of the IEEE, must take a 
more active role in economic planning. 
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46 Working with 
neural networks 

By DAN HAMMERSTROM 
Neural networks have emerged as a 
powerful tool for recognizing patterns in 



data. This second of two articles deals 
with the networks’ strengths and 
weaknesses and determining when to use 
them In a particular application. 



54 Calstart consortium 


By DAVID LYNCH ' 

Attempting to kill two problems (air 
pollution and unempiqyment) in one go, 
this nonprofit organization hopes to turn 



California into an important source of 
components for electric—and other- 
vehicles. This airbag system is actuated 
by the movement of an electric vehicle’s 
battery in a collision. Other Calstart 
developments include highly efficient 
climate controls and a vehicle navigation 
system. 
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Cover: Particulates sent into the atmosphere by the 
Pinatubo volcanic eruption and other sources caused 
sunsets of rare vibrance, which were photographed by the 
crew of the space shuttle Columbia in October 1992. This 
technique of studying atmospheric pollutants by looking 
along a tangent to the atmosphere will be exploited in 
advanced satellite instruments to be launched in the next 
decade. See p. 20. 
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Forum 


The limits of encryption 

The article “Wiretapping and cryptography” 
[March, pp. 16-17] and the ensuing 
responses [May, p. 8] are interesting. For 
nonmilitary purposes, however, the entire 
subject may be overemphasized. First con¬ 
sider the regulation of encryption of data 
over domestic commercial phone lines. 
Today, there are numerous standards-based 
and proprietary modem and data formats. Is 
some government agency going to test and 
limit everyone to sets of formats that gov¬ 
ernment agencies can process? Where is 
the break between encryption and efficient 
channel coding? 

How about languages? Will it be illegal to 
use Navaho dialects or some other lan¬ 
guage that is used by a particular ethnic 
group on the commercial phone system 
because it is not understood by govern¬ 
ment monitors? What if some group want¬ 
ed to use a book of coded expressions or a 
one-time pad to communicate over the 
phone system? I beheve our Constitution 
and Bill of Rights permit freedom of ex¬ 
pression in any language or data form. 

Q once worked with an engineer whose 
family spoke only Latvian at home. 
Whenever he called his wife from certain 
government facilities or secure contractor 
facilities and spoke in Latvian, the call 
would be disconnected. We used to joke 
that Latvian sounded like Russian, but per¬ 
haps someone was monitoring the phone 
who did not speak Latvian.) 

My second observation is related to the 
Federal Bureau of Investigation’s actions to 
change the implementation of Signaling 
System 7 to aid in their wiretapping activi¬ 
ties. I am puzzled that no one has com¬ 
mented that these features apply only to 
trunks and central office switching sys¬ 
tems. 

Perhaps the FBI does not tap individual 
analog phone lines, but taps main commu¬ 
nications trunks. I would think that with a 
valid, court-approved wiretap order, the 
phone companies could take advantage of 
the new digital signaling features, and digi¬ 
tally distribute the call directly to a phone 
of the FBI’s choice with no loading effects 
to indicate that the call had been bridged. 
Or perhaps the FBI requests court ap¬ 
pro^ only after scanning the phone trunks 
for conversations of interest. 

Do we really want our taxes spent to 
limit our access to technology so that our 
government has an easier time monitoring 
our communications? Somehow, I think we 
might be overlooking the real reason the 
United States is different from most other 


countries. Our government is based on 
individual freedoms and the right to priva¬ 
cy, not efficient government surveillance. 

David W. Homer 
Silver Spring, MD 


Trade Center biast 

'The Faults & Failures article describing the 
aftermath of the bombing of the World 
Trade Center [May, pp. 83-84] failed to 
mention New York Telephone Co. As area 
operations manager for New York Tele¬ 
phone, I want to state for the record that 
telephone lines were working after the blast. 
These lines served as critical communica¬ 
tion links between people trapped on the 
upper floors and the rescue teams that were 
trying to get ±em out. 

In addition, our fire and smoke detection 
systems were operational and were moni¬ 
tored at our Building Operations Control 
Center. Shortly after the blast, our (supply) 
fans automatically shut down in an effort to 
reduce the smoke penetration at our World 
Trade Center facUity. Fortunately for us, 
our people were located on the lower levels 
of the World Trade Center, which made it 
that much easier to evacuate them. 

Steve Babsky 

New York City 


Warning the user 

While reading the article “Computers and 
epidemiology" [May, pp. 20-26], it occurred 
to me that it would be relatively simple for 
an application to include an “antibody”: a 
routine that checks the executable from 
which it has been loaded and ensures the 
executable is not infected. Since a program 
can be given an arbitrary amount of infor¬ 
mation about itself by the programmer in 
the form of starting address, size, and 
checksum or cyclic redundancy code, the 
problem is no longer one of identifying a 
virus but of warning a user that an exe¬ 
cutable is not as it should be. The check 
would involve little more than a fraction of a 
second after the program received control. 

Since each program could go about 
these checks in a relatively random way, 
the problem of writing a computer virus 
becomes one of back-engineering an appli¬ 
cation to defeat the built-in checks. So the 
virus becomes application-specific, which 
would seriously limit the possibihty of an 
epidemic. 

As described above, the approach applies 
to executables, but this same approach 


could also work with boot sector viruses, 
although to a lesser extent. The virus 
writer would still have to back-engineer a 
program in order to defeat the checks, but 
with an installation base of several million, 
it might be considered worthwhile by a 
virus enthusiast. 

Keith Clifford 

Richmond, BC, Canada 


Crime and copyright 

As grievance officer and treasurer of the 
San Francisco Bay Area local of the Nat¬ 
ional Writers Union, I noted that the article 
“Facsimile’s false starts” [February, pp. 
46-49] addressed some of the legal issues 
that are likely to arise as fax usage contin¬ 
ues. Another such issue is copyright. 

Copyright is, literally, the right to copy. 
Ownership of ±e copyright to a work enti¬ 
tles the owner to license others to make 
copies. This license to copy can only be 
granted by specific arrangements with the 
owner. In selling an article, for instance, 
the author grants a magazine the right to 
make copies of the article. In most cases, 
authors sell first serial rights, the right to 
be the first magazine to make copies of the 
article. The authors keep all other rights to 
themselves. 

With faxes, photocopiers, electronic 
databases, and similar technologies, it is so 
easy to make and distribute copies that 
copyright infringement has become rou¬ 
tine. One example was recently the subject 
of legal action in Federal court (copyright 
infringement is a Federal crime). Photo¬ 
copy stores were copying articles from 
books and magazines, then binding and sell¬ 
ing the copies; the articles were selected 
by university professors as readings for 
their courses. It was easier for everyone 
concerned to use the hound copies than for 
students to read the articles in the univer¬ 
sity libraries. After ±e coiuts held that the 
photocopy stores were infringing copy¬ 
right, the stores agreed to abide by a pro¬ 
cedure that respects the rights of the copy¬ 
right owners. 

Another example of routine infringe¬ 
ment is likely to te the subject of a major 
class action suit in the near future. The 
National Writers Union, an affiliate of the 
United Auto Workers, has begun work on a 
suit against the major electronic databases 
and the magazines that provide them with 
published articles. In the great majority of 
cases, ±e magazines do not have the right 
to allow electronic copies of the articles to 
be made; the magazines have purchased 
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Is the pressure 
getting toyou? 



Do you have enough 
power? What happens if a 
line breaks? And, can you 
control it? 

If you design hydraulic 
systems, you probably have 
I questions like these all the 
time. 

Now you can get 
answers. 

With EASY5X® 

Unparalleled system 
modeling and analysis. 

EASY5x software lets you model and analyze com¬ 
plex hydraulic systems on your UNIX® workstation. 
Quickly. Accurately. And cost-effectively. 

That’s because it’s the only dynamic system model- 
I ing software that comes with pre-defined hydraulic blocks 
i that connect together with the click of a mouse. It also 
I comes with hundreds of other supporting linear and 
. non-linear modeling elements. 

In addition, you get a sophisticated graphical user 
) interface that brings non-linear simulation, steady-state 
1 analysis, and control system analysis to your fingertips. 
The speed you need. 

Hydraulic systems are just the beginning. Because you 
can use EASY5x to model and analyze any type or size of 


dvnamic system. Electrical, 
mechanical, chemical, you 
name it. 

And EASY5x gives accu¬ 
rate answers to non-linear 
simulation problems up to a 
thousand times faster than 
i (iinpctitive software. You 
can even run your simula¬ 
tions in real time on hard¬ 
ware provided by Applied 
Dynamics International. 

Even our control sys¬ 
tem analysis tools will save you time, especially when 
you analyze multi-rate sampled data systems. 

Call for more information. 

EASY5x was developed, tested, and refined at 
Boeing, solving real-world problems. And today, it’s 
used by thousands of engineers around the world. 

If you’d like to know more, we’d be happy to send 
you a set of demonstration videos. Or, if you like, free 
trial software for your Sun, Hewlett-Packard, Silicon 
Graphics, Digital, or IBM RS6000 UNIX™ workstation. 

Just call 1-800-426-1443 or EAX 1-206-865-2966. Or 
write to Boeing Computer Services, P.O. Box 24346, 
M/S 7L-46, Seattle, WA 98124-0346. 
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specific rights that do not include electron¬ 
ic distribution. The magazines may charge 
the databases a licensing fee, so the data¬ 
bases may not be guilty of infringement, 
but the magazines are selling what they do 
not own, so the databases have, in effect, 
purchased stolen goods. 

Authors, like inventors, do not want to 
limit the dissemination of information. But 
they do want an appropriate share of the 
revenues the dissemination earns. 
Everyone involved in copying and distribut¬ 
ing information—^both text and graphics— 
must respect the rights of the informa¬ 
tion’s creators. 

Mike Bradley 
San Francisco 


Environmental nuestions 

I am writing in response to the article on 
elimination of hazardous chemicals in ±e 
electronics manufacturing industry [“Clean¬ 
ing up,” February, pp. 20-26]. \^Me elec¬ 
tronics engineers can be proud of their inge¬ 
nuity in finding ways to dispense with 
chlorofluorocarbons (CFCs) in processes 
such as vapor degreasing, there is evidence 
that CFCs are not destroying the ozone 
layer. According to an article in the Dec. 21, 
1^2, edition oi Automotive News, the recent 
total ban on CFCs is based on faulty scien¬ 
tific reasoning. 

If CFCs, trichloroethane, and so forth 
are depleting the ozone layer, we can cope 
with this problem by imposing an appro¬ 
priately stringent tax on such chemicals in 
proportion to their ozone-destroying 
power. Unlike an outright ban, this ap¬ 
proach would provide design and manufac¬ 
turing engineers with a flexible incentive to 
use the least harmful substance feasible in 
any given application, to recycle such 
chemicals, and to use non-ozone-destroying 
alternatives when possible. 

But at all times we should ask ourselves: 
are outright bans or high taxes on chemi¬ 
cals necessary to meet legitimate environ¬ 
mental needs? Or are we merely pandering 
to the emotional needs of neurotic intellec¬ 
tuals? K the latter is true, our efforts to 
avoid using these chemicals are a waste of 
our time and the public’s money. 

Alexander R. Kovnat 

West Bloomfield Township, NJ 


Time for a ilegree 

The statement in “U.S. education ‘doingfine’” 
[March, p. 66] that only 10 percent of employ¬ 
ers responding to a National Society of Pro¬ 
fessional Engineers survey favored length¬ 
ening the engineering study period to five 
years is incorrect and misleading. Actually, a 


whopping 36 percent of the respondents 
favored at least some lengthening of the 
study period, and the five-year figure was 
never mentioned in the survey question¬ 
naire. 

Ten percent of the respondents favored 
making the M.S., which generally is sched¬ 
uled to take even longer than five academic 
years to earn, the first professional degree. 
An additional 26 percent favored lengthen¬ 
ing the time required for the bachelor’s 
degree (the amount of lengthening was not 
specified in the questionnaire). 

Lawrence Fafarman 
Los Angeles 


On-iine health care? 

The long lines one encounters in hospitals 
and doctors’ offices provide telling evidence 
of the imbalance between supply and 
demand for medical services. The supply 
must be increased to control (and drive 
down) costs through market forces. Here’s 
how: install personal computers in public 
hbraries with expert systems for diagnosing 
typical ailments and for prescribing appro¬ 
priate treatments. 

Professionals have explored the use of 
computer-aided diagnoses for over a de¬ 
cade. Their capabilities and limitations 
should be sufficiently well known to estab¬ 
lish the scope of computer-aided diagnos¬ 
tics that could be safely completed by the 
average adult. The range of diagnoses 
could be extended by equipping the com¬ 
puter with sensors to noninvasively mea¬ 
sure temperature, pulse rate, blood pres¬ 
sure, and, possibly, parameters such as cell 
counts and cholesterol. With such mea¬ 
surements, it’s likely that the reliability of 
diagnoses could at least equal the typical 
reliability of diagnoses made by hurried and 
harried doctors. And such diagnoses could 
be made available routinely to every citi¬ 
zen, including the homeless, very economi¬ 
cally (about US $1 annually per individual). 

A properly designed expert system 
should warn of incompatibilities between 
various prescription and nonprescription 
drugs, calculate appropriate dosages for 
the individual’s gender, height, weight, and 
so on, and identify generic equivalents of 
brand-name products when they are avail¬ 
able. For some types of maladies, standard 
prescriptions could be issued for generic 
products, together with directions to con¬ 
tact a physician if specific symptoms 
appear or if the origin^ problem persists. 
In other cases, the expert system would 
document the measurements, present a 
diagnostic risk profile, and direct the sub¬ 
ject to seek professional care immediately. 
Such a system should encompass routine 
diagnostic checks to detect symptoms of 
potentially serious diseases. 


How much would it cost? A minimum of 
about 60 000 systems would be needed to 
provide universal access (assuming 4000 
people use the system for 30 minutes each 
annually). State-of-the-art PCs and com¬ 
mercial off-the-shelf expert system soft¬ 
ware could become the platform for a pow¬ 
erful system for only about $5000. 
Allocating an additional $5000 each for 
sensors would bring the national cost to 
$600 million—^plus the cost of preparing a 
standard set of questions and diagnoses. 

The tough part: political considerations 
require that Congress establish a policy 
that precludes legal action against indvidu- 
als or agencies that rely on standard diag¬ 
noses and prescriptions that have been 
developed by the national lab, then 
reviewed and approved by the Surgeon 
General. If our nation is serious about high- 
quality, universal health care, we should 
press Congress to get rid of unnecessary 
laws and regulations that impede the use of 
available technology. 

Paul T. Burnett 

Alamogordo, NM 


Ipse tlixit 

In the review of my book Mazes for the 
Mind: Computers and the Unexpected 
[April, p. 7], the reviewer states, “Pickover 
claims that Bertrand Russell published his 

20 favorite words_” The reviewer’s use 

of the word ‘fclaims” may cast some doubt as 
to the authenticity of my statement, particu¬ 
larly when considered in the context of the 
review. 

As stated in my book, in 1958 Bertrand 
Russell was asked to make such a list, and 
it is published in the first reference book 
listed in my book’s chapter on this subject. 

Clifford A Pickover 
Yorktown Heights, NY 


CoirecOon 

The 12th line of the middle column on p. 23 
of the May issue should read as foUovre: 
“only if deaths drop below one every three 
weeks.” — Ed. 


Readers are invited to connment in this department 
on material previously published in IEEE Spectrum, 
on the policies and operations ot the IEEE; and on 
technical, economic, or social matters of interest to 
the electrical and electronics engineering profes¬ 
sion. Short, concise letters are preferred. The Edi¬ 
tor reserves the right to limit debate on controver¬ 
sial issues. Contact: Forum, IEEE Spectrum, 345 E. 
47th St., New York, N.Y. 10017, U.S.A.; fax, 212- 
705-7453. The compmail address is ieeespectrum. 
The computer bulletin board number is 212-705- 
7308; the password is SPECTRUM. The line 
parameters are 1200 bits/second, no parity, 8 data 
bits, and 1 stop bit. For more information, call 212- 
705-7305 and ask for the Author’s Guide. 
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In 1991, Perrin attempted to drive an EV 
from California to Vermont. It is an engag¬ 
ing story, and although anyone involved 
professionally with EVs will find numerous 
factual and technical errors, these blemish¬ 
es need not detract from the enjoyment of 
the book. The opening paragraph of 
Michael Riezenman’s report on EVs— 
“interesting, exciting, but not to be taken 
too seriously” \JEEE Spectrum, November, 
1992, P. 18]-^efinitely applies here. 

The adventure began in 1990, when a 
student in Perrin’s class on environmental 
studies at Dartmouth College asked, in 
essence, “If you inveigh against air pollu¬ 
tion, why do you drive a fume-belching, gas- 
guzzling car to the campus?” Perrin could 
not walk the 20 km to the Hanover, NH, 
school or bicycle up and down the many 
steep hills. Ergo, an electric car! 

The story occasionally borders on slap¬ 
stick, including the passages on the circum¬ 
stances surrounding his purchase of Solo, 
so named in part because it had solar pan¬ 
els on the roof for charging its batteries. 
There is a fascinating account of his expe¬ 
riences driving cross-country. After Solo 
had problems attempting to negotiate the 
Donner Pass, Perrin abandoned the idea of 
an all-electric trip. He bought a pickup 
truck and towing gear and hauled the EV 
to Peoria, IL. Solo played well thereafter, 
and Perrin arrived home triumphantly in 
his poKtically correct car. 

Occasionally on his odyssey from Santa 
Rosa, CA, to Thetford, VT, Perrin would 
unhitch Solo, charge it overnight, and tour 
locally. He had encounters with EV skep¬ 
tics, buffs, and know-it-alls who, Perrin 


“electrical engine” under the hood. One 
need not check the Society of Automotive 
Engineers’DicfjoMao’ of Automotive Terms 
to learn that it’s an electric motor and an 
internal combustion engine. Even 
Webster’s makes this distinction. 

Perrin properly regrets that Solo does 
not have regenerative braking, and is thus 
robbed of extra range by being unable to 
charge its batteries when going downhill. 
He eventually learns the unexciting truth, 
which is that regenerative braking will 
extend the range of an EV by about 10 per¬ 
cent at best. The main purpose of this fea¬ 
ture is actually drive train retardation, for 
safety and to give ±e “feel” of a conven¬ 
tional car. No self-respecting manufacturer 
of EVs would build one today without it. 

Many impressions given about EVs in 
general are incorrect, being based on 
Perrin’s particular EV. The design lacks at 
least the following: amperage instrumenta¬ 
tion, a dc/dc converter, a good state-of- 
charge indicator, and chargers that will 
charge both propulsion and auxiliary bat¬ 
teries safely and correctly independently of 
control settings. At a selling price of US 
$17 500, the manufacturer could have spent 
an additional $100 for a shunt (separately 
excited) motor, with regenerative braking 
coming almost free. All this indicates that 
the manufacturers are not “experts on 
EVs,” as Perrin (quite understandably) 
thought them to be. 

Perrin was not told of the utter impossi¬ 
bility of climbing the Donner Pass on less 
than two full battery charges. The energy 
stored in a lead-acid battery is barely suffi¬ 
cient to lift itself vertically more than about 
610 meters. The Donner Pass involves a 
climb of more than 1610 meters. 
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The New Yorker). He prefers to “eat in 
slow-food restaurant,” for instance. 

In a similar vein, he rejects the conclu¬ 
sion of most serious students of EVs: that 
the only Ultra Low Emission Vehicle that 
can be produced with today’s technologies 
is the heat-engine/battery-electric hybrid. 
Perrin dismisses the compromise with an 
erudite literary-theological quotation from 
St. Augustine, paraphrased as: “Make me 
chaste. Lord, but not yet.” 

Victor Wouk (LM) is the U.S. representative to the 
International Electrotechnical Commission's Com¬ 
mittee on Electric and Hybrid Road Vehicles, a field 
he has been active in since 1964. He has written, 
spoken, and testified widely on these vehicles and 
other topics in transportation. Earlier he founded 
Beta Electric Corp. and Electronic Energy Conver¬ 
sion Corp., which produced, respectively, high- 
voltage power supplies and solid-state high-power 
conditioning equipment He planned and designed 
the electric bus system for the residential complex 
on Roosevelt Island, in the East River between 
Manhattan and Queens in New York City. 

Society anti the telephone 


Claude S. Fischer tackles an interesting 
question: how does the introduction of new 
technology affect our lives? Does it radically 
alter our social relationships, or is the 
change marginal? 

This question is timely because of the 
current debate over the information revo¬ 
lution’s long-term impact on social and 
business relations. But the computer’s 
effect is still in its formative stage and the 
outcome is uncertain. 

Fischer’s focus is the telephone, and his 
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Environmental n 

I am writing in response 
elimination of hazardous 
electronics manufacturin 
ing up,” February, pp. 2 
tronics engineers can be proud ot their mge- 
nuity in finding ways to dispense with 
chlorofluorocarbons (CFCs) in processes 
such as vapor degreasing, there is evidence 
that CFCs are not destroying the ozone 
layer. According to an article in the Dec. 21, 
1^2, edition of Automotive News, the recent 
total ban on CFCs is based on faulty scien¬ 
tific reasoning. 

If CFCs, trichloroethane, and so forth 
are depleting the ozone layer, we can cope 
with this problem by imposing an appro¬ 
priately stringent tax on such chemicals in 
proportion to their ozone-destroying 
power. Unlike an outright ban, this ap¬ 
proach would provide design and manufac¬ 
turing engineers with a flexible incentive to 
use the least harmful substance feasible in 
any given application, to recycle such 
chemicals, and to use non-ozone-destroying 
alternatives when possible. 

But at all times we should ask ourselves: 
are outright bans or high taxes on chemi¬ 
cals necessary to meet legitimate environ¬ 
mental needs? Or are we merely pandering 
to the emotional needs of neurotic intellec¬ 
tuals? If the latter is true, our efforts to 
avoid using these chemicals are a waste of 
our time and the public’s money. 

Alexander R. Kovnat 

West Bloomfield Township, NJ 


Time for a tiegree 

The statement in “U.S. education ‘doing fine’ ” 
[March, p. 66] that only 10 percent of employ¬ 
ers responding to a National Society of Pro¬ 
fessional Engineers survey favored length¬ 
ening the engineering study period to five 
years is incorrect and misleading. Actually, a 
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libraries with expert systems for diagnosing 
typical ailments and for prescribing appro¬ 
priate treatments. 

Professionals have explored the use of 
computer-aided diagnoses for over a de¬ 
cade. Their capabilities and limitations 
should be sufficiently well known to estab¬ 
lish ±e scope of computer-aided diagnos¬ 
tics that could be safely completed by the 
average adult. The range of diagnoses 
could be extended by equipping the com¬ 
puter with sensors to noninvasively mea¬ 
sure temperature, pulse rate, blood pres¬ 
sure, and, possibly, parameters such as cell 
counts and cholesterol. With such mea¬ 
surements, it’s likely ±at the reliability of 
diagnoses could at least equal the typical 
reliability of diagnoses made by hurri^ and 
harried doctors. And such diagnoses could 
be made available routinely to every citi¬ 
zen, including the homeless, very economi¬ 
cally (about US $1 annually per individual). 

A properly designed expert system 
should warn of incompatibilities between 
various prescription and nonprescription 
drugs, calculate appropriate dosages for 
the individual’s gender, height, weight, and 
so on, and identify generic equivalents of 
brand-name products when they are avail¬ 
able. For some types of maladies, standard 
prescriptions could be issued for generic 
products, together with directions to con¬ 
tact a physician if specific symptoms 
appear or if ±e original problem persists. 
In other cases, the expert system would 
document the measurements, present a 
diagnostic risk profile, and direct the sub¬ 
ject to seek professional care immediately. 
Such a system should encompass routine 
diagnostic checks to detect symptoms of 
potentially serious diseases. 


Ipse dixit 

In the review of my book Mazes for the 
Mind: Computers and the Unexpected 
[April, p. 7], the reviewer states, “Tickover 
claims that Bertrand Russell published his 
20 favorite words ....” The reviewer’s use 
of the word ‘fclaims” may cast some doubt as 
to the authenticity of my statement, particu¬ 
larly when considered in the context of the 
review. 

As stated in my book, in 1958 Bertrand 
Russell was asked to make such a lisL and 
it is published in ±e first reference book 
listed in my book’s chapter on this subject. 

Clifford A Pkkover 
Yorktown Heights, NY 



The 12th line of the middle column on p. 23 
of the May issue should read as follows: 
“only if deaths drop below one every three 
weeks.” — Ed. 


Readers are invited to comment in this department 
on material previously published in IEEE Spectrum, 
on the policies and operations of the IEEE; and on 
technical, economic, or social matters of inferesf fo 
fhe electrical and electronics engineering profes¬ 
sion. Shorf, concise letters are preferred. The Edi¬ 
tor reserves the right to limit debate on controver¬ 
sial issues. Contact: Forum, IEEE Spectrum, 345 E. 
47th St., New York, N.Y. 10017, U.S.A.; fax, 212- 
705-7453. The compmail address is ieeespectrum. 
The computer bulletin board number is 212-705- 
7308; the password is SPECTRUM. The line 
parameters are 1200 bits/second, no parity, 8 data 
bits, and 1 stop bit. For more information, call 212- 
705-7305 and ask for the Author’s Guide. 
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lAiyage of an electric vehicle 

Victor Wouk 

Fifty book reviewers can’t be wrong—and 
they’re not. Critics in august newspapers 
and scientifically oriented magazines have 
been justifiably enthusiastic about these 
“adventures of Noel Perrin and his electric 
car” Qiereinafter referred to as an electric 
vehicle, and by the affectionate shorthand 
EV). 



In 1991, Perrin attempted to drive an EV 
from California to Vermont. It is an engag¬ 
ing story, and although anyone involved 
professionally with EVs will find numerous 
factual and technical errors, these blemish¬ 
es need not detract from the enjoyment of 
the book. The opening paragraph of 
Michael Riezenman’s report on EVs— 
“interesting, exciting, but not to be taken 
too seriously” [IEEE Spectrum, November, 
1992, P. ISl^efinitely applies here. 

The adventure began in 1990, when a 
student in Perrin’s class on environmental 
studies at Dartmouth College asked, in 
essence, “If you inveigh against air pollu¬ 
tion, why do you drive a fume-belching, gas- 
guzzling car to the campus?” Perrin could 
not walk the 20 km to the Hanover, NH, 
school or bicycle up and down the many 
steep hills. Ergo, an electric car! 

The story occasionally borders on slap¬ 
stick, including the passages on the circum¬ 
stances surrounding his purchase of Solo, 
so named in part because it bad solar pan¬ 
els on the roof for charging its batteries. 
There is a fascinating account of his expe¬ 
riences driving cross-country. After Solo 
had problems attempting to negotiate the 
Donner Pass, Perrin abandoned the idea of 
an all-electric trip. He bought a pickup 
truck and towing gear and hauled the EV 
to Peoria, IL. Solo played well thereafter, 
and Perrin arrived home triumphantly in 
his politically correct car. 

Occasionally on his odyssey from Santa 
Rosa, CA, to Thetford, VT, Perrin would 
unhitch Solo, charge it overnight, and tour 
locally. He had encounters with EV skep¬ 
tics, huffs, and know-it-alls who, Perrin 


seems not to realize, know little. Finding an 
outlet for plugging in the battery charger 
could be an adventure. His descriptions of 
truck stops rival those of post-World War 
n motels in Vladimir Nabokov’s Lolita. 

My basic uneasiness is that Perrin 
implies, misleadingly, that what happened 
to him would happen to anybody who 
bought an electric car today. Tliis need not 
be so. A second criticism is that the book 
was not vetted by an expert—someone 
who understands tx)th the theory and prac¬ 
tical design of EVs—to get rid of the tech¬ 
nical errors. For example, Perrin states 
that lead-acid batteries, when rested for 
10-15 minutes, “recover” somewhat 
because they ‘Vepolarize.” Perrin undoubt¬ 
edly misheard someone who was saying 
“depolarize.” 

I admit I became somewhat biased early 
on in the book, where Perrin refers to the 
“electrical engine” under the hood. One 
need not check the Society of Automotive 
Engineers’Dirfiowary of Automotive Terms 
to learn that it’s an electric motor and an 
internal combustion engine. Even 
Webster’s makes this distinction. 

Perrin properly regrets that Solo does 
not have regenerative braking, and is thus 
robbed of extra range by being unable to 
charge its batteries when going downhill. 
He eventually learns the unexciting truth, 
which is that regenerative braking will 
extend the range of an EV by about 10 per¬ 
cent at best. The main purpose of this fea¬ 
ture is actually drive train retardation, for 
safety and to give the “feel” of a conven¬ 
tional car. No self-respecting manufacturer 
of EVs would build one today without it. 

Many impressions given about EVs in 
general are incorrect, being based on 
Perrin’s particular EV. The design lacks at 
least the foUovnng: amperage instrumenta¬ 
tion, a dc/dc converter, a good state-of- 
charge indicator, and chargers that will 
charge both propulsion and auxiliary bat¬ 
teries safely and correctly independently of 
control settings. At a selling price of US 
$17 500, the manufacturer could have spent 
an additional $100 for a shunt (separately 
excited) motor, with regenerative braking 
coming almost free. All this indicates that 
the manufacturers are not “experts on 
EVs,” as Perrin (quite understandably) 
thought them to be. 

Perrin was not told of the utter impossi¬ 
bility of climbing the Donner Pass on less 
than two full battery charges. The energy 
stored in a lead-acid battery is barely suffi¬ 
cient to lift itself vertically more than about 
610 meters. The Donner Pass involves a 
climh of more than 1610 meters. 


The solar panels have limited utility. 
While the car vras under way, they provided 
no more than 5 percent of Solo’s propul¬ 
sion power. Only with several days of plen¬ 
tiful sunshine could the batteries be fully 
charged by the solar panels alone. 

The author relies on some questionable 
authorities. As sources for predictions 
about EVs, he quotes Newsweek and Popular 
Science, which are worthy publications but 
hardly the last word on EVs. 

Perrin has been similarly ill-served by 
upbeat reports from auto manufacturers’ 
public relations departments. He writes, for 
example, that “GM will have the Impact on 
the roads by 1995,” whereas GM has since 
backed away from any firm production date 
whatsoever. 

There are some cute terms that could 
be attributed to infatuation with one’s ovra 
wittiness (Perrin has, after all, written for 
The New Yorker). He prefers to “eat in a 
slow-food restaurant,” for instance. 

In a similar vein, he rejects the conclu¬ 
sion of most serious students of EVs: that 
the only Ultra Low Emission Vehicle that 
can be produced with today’s technologies 
is the heat-engine/battery-electric hybrid. 
Perrin dismisses the compromise with an 
erudite literary-theological quotation from 
St. Augustine, paraphrased as: “Make me 
chaste. Lord, but not yet.” 

Victor Wouk (LM) is the U.S. representative to the 
International Electrotechnical Commission's Com¬ 
mittee on Electric and Hybrid Road Vehicles, a field 
he has been active in since 1964. He has written, 
spoken, and testified widely on these vehicles and 
other topics in transportation. Earlier he founded 
Beta Electric Corp. and Electronic Energy Conver¬ 
sion Corp., which produced, respectively, high- 
voltage power supplies and solid-state high-power 
conditioning equipment He planned and designed 
the electric bus system for the residential complex 
on Roosevelt Island, In the East River between 
Manhattan and Queens in New York City. 

Society anil the telephone 

David Gabel 

Claude S. Fischer tackles an interesting 
question: how does the introduction of new 
technology affect our lives? Does it radically 
alter our social relationships, or is the 
change marginal? 

This question is timely because of the 
current debate over the information revo¬ 
lution’s long-term impact on social and 
business relations. But the computer’s 
effect is still in its formative stage and the 
outcome is uncertain. 

Fischer’s focus is the telephone, and his 
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research provides an interestingly different 
model for evaluating the social effects of 
technological change. He argues that it is 
not terribly productive to ask what the 
impact of new technology is. He believes 
that this type of language frames the issue 
wrongly because it “implies that human 
actions are impelled by external forces 
when they are really the outcomes of 
actors making purposeful choices under 
constraints.” 


In order to understand what happens, he 
believes that we must first ask “who adopted 


America IMhg: A 
SeeMlUstairefae 
TaeaheaetBlM. 

Fischer, Claude S., 

University of California 

Press, Berkeley, 1992, 

424 pp., $25. 

s 



the [new technology], when, where, how, and 
why; [to] what ends; and [for] what uses.” 

He is meticulous in his analysis. His book 
explores how the telephone affected social 
relations from the time the service was 
bom, in the 1870s, until the start of World 
War II. He studies the issues from many 
angles; he has combed the archives of 
regional and national telephone companies, 
trade journals, and local newspapers, and 
has interviewed some of the telephone 
users who were alive at the start of the 
20th century. He combines this qualitative 
data with a thorough statistical examina¬ 
tion of the available data sets on the ways 
the telephone was used before 1940. 

Fischer concludes that the telephone, as 
is the case with many new technologies, 
has impinged only marginally on social 
relations. The telephone became part of 
daily life, but without dramatically altering 
it. According to Fischer, the remarkable 
invention was primarily used to bolster 
existing social patterns, although excep¬ 
tions can be found. 

One of the most impressive aspects of 
the author’s research is his disinclination to 
persuade his readers that there is a “best” 
model for understanding how new tech¬ 
nologies can alter human behavior. 
Throughout, he compares the social 
impacts of the telephone, the automobile, 
and television, and argues that the other 
two products have affected social patterns 
more profoundly. 

As a sociologist, Fischer has accepted 
the difficult task of identifying and quanti¬ 
fying changes in social relations. While 
some activities can be measured—for 
example, the number of people who are 
called on the telephone and the frequency 
with which they are contacted—it is diffi¬ 
cult to gauge the nature and quality of the 
conversations held. 

For example, in the course of a tele¬ 
phone call, neither person involved can 
“read” the other’s face; without such visual 
cues, there may be a reluctance to explore 
certain topics. Therefore, a telephone con¬ 
versation may be quite different in nature 
from one conducted face-to-face. Fischer’s 
research is a model for how historians and 
sociologists can try to gauge changes in 
human interaction. 

His narrative also illustrates how differ¬ 
ent the eventual uses and social impact of 
new technology often are from what is ini¬ 
tially envisioned by social commentators or 
the technology’s inventors. For example, 
Fischer points out that for approximately 
the first 30 years of telephony, the domi¬ 
nant firm in the industry, the American 
Telephone & Telegraph Co., envisioned the 
technology being used for business, and 
even discouraged customers from using it 
for social reasons. Having worked earher 
for Western Union, the early management 
(Continued onp. 16) 
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ALACRON i860 Beats the DSP Competition Hands Down 
Prices Starting Under $3500 

ALACRONbowds are supported by a complete software development environment 
Including DSP library routines capable of executing a 1K complex FFT in under 300 
microseconds on the F200 series dual i860. 

ALACRON AT/ISA and VME boards are compatible with AiACRON's family of expansion 
daughter boards implementing: SCSI, digital input, DT-Connect, ITI VISIONbus, high-res 
display, and memory expansion. 
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NeuralWorks Professional ll/PLUS 


NeuralWorks Professional ll/PLUS release 4.1 
provides the user with some of the most powerful 
recent advances in neural technology. These include 
Logicon Projection Network" **, Modular Neural 
Network, Fuzzy Art Map * *, Radial Basis Functions, 
Quick-Prop, General Regression Neural Network 
and updated versions of Cascade Correlation and 
Probabilistic Neural Network. 

These enhancements provide the capability of 
solving difficult classification and modeling 
problems faster and more accurately than previously 
possible. Release 4.1 also includes a Train-Test 
option which optimizes neural network performance. 
This capability is enhanced by an optional 
proprietary network architecture optimization 
function exclusive to NeuralWare. 

Ease of use and diagnostic capabilities have been 
enhanced with network specific instrument menus. 


A new diagnostic tool provides classification rate 
information. Specific menus have been developed 
for each of the major classes of neural networks 
with a special section for historical networks. This 
simplifies access to advanced network types without 
diminishing the depth of capabilities within the 
product. 

Release 4.1 supports a Genetic Reinforcement 
add-on package designed to solve problems which 
go beyond the capabilities of supervised learning 
systems. This package is particularly suited to 
financial market timing, process modeling, and 
other situations where the training signal is not 
available with each example. 

For more information on NeuralWorks 
^ Professional ll/PLUS release 4.1, 
call us at 412-787-8222 or fax at 


* *These networks require a 
special license to use. 
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NEC NEWSCOPE 



MULTISYNC COLOR MONITORS: 

THE MILLION-SELLING TREND-SETTERS. 


S ales of NEC's Multisync™ color 
monitors for personal com¬ 
puters have soared past the 
one million mark. Multisync scored 
a smash hit when introduced in 
1985 because it was a leading-edge 
monitor that offered auto-sync 
compatibility with various types of 
PCs and graphics boards. Multisync 
was the first monitor to standardize 
the Super VGA video mode. 


Multisync continues to set the 
standard for PC monitors. 

Today's enhanced Multisync displays 
are designed for graphics-intensive 
windowing environments. With flatter, 
squarer screens, they offer brighter, 
sharper, more accurate images. 

Multisync monitors in the FG Series 
also feature a unique color calibration 
system. The AccuColor™ control system 
allows users to adjust on-screen colors 


at will. The red, green and blue guns 
can be separately controlled In 
precise digital steps. 

Advanced digital controls also 
automatically size and center screen 
images for preset and custom 
graphics modes. 

Ergonomic features range from 
an improved cabinet design to a new 
anti-static, low-reflection screen. 
Reduced Magnetic Field™ technology 
lowers ELF and VLF emissions to meet 
Sweden's strict MPR II guidelines. 

NEC's new Multisync monitors 
are available In 15, 17 and 21-inch 
models. 


C&C for Human Potential 












NUMBER 150 


INMARSAT-M PHONE 
IN A BRIEFCASE 
COVERS THE WORLD. 

R eporters and aid workers 
have a new high-tech com¬ 
munications tooi. NEC's com¬ 
pact INMARSAT-M phone provides 
reliable telephone and facsimile 
services to and from anywhere in 
the world. 

The portable voice terminal for 
the INMARSAT-M satellite communi¬ 
cation service consists of a trans¬ 
ceiver, flat antenna, handset and 
rechargeable battery, all integrated 
in a briefcase-size unit. 

It takes just minutes to set up the 
phone, using a visual indicator to 
aiign the antenna with the satellite. 
The terminal connects with Gill 
facsimile machines. 

The new INMARSAT-M phone is 
about half the size, weight and cost 
of conventional INMARSAT-A termi¬ 
nals. It will become an indispensable 
tool for professionals working in re¬ 
mote areas where communications 
are unreliable or non-existent. 



for Inmarsat-M Phone 


UNIX: Registered trademark of UNIX System Laboratories Inc. In 



NEW ZEALAND 


LAUNCHES 


AIN SYSTEM. 


T eiecom Corporation of New 
Zealand Limited has inaugu¬ 
rated an Advanced Inteliigent 
Network (AIN), offering advanced ser¬ 
vices to subscribers across the country. 

The system already provides en¬ 
hanced 0800/0900 numbers and 
automated calling-card 
services. Coming 
attractions 
include tele¬ 
voting and 
virtual private 
networking (VPN). 

Televoting allows radio/TV 
stations to rapidly poll audi¬ 
ence opinion. VPN transforms 
public lines into a "private" 
network for corporate sub¬ 
scribers. A business can link 


branches nationwide. Employees call 
simply by dialing extensions. 

New Zeaiand's AIN integrates 
NEAX61 switches instailed in 296 ex¬ 
change offices. AIN runs on NEAX61 
application service processors using 
Stratus fault-tolerant computers and 
its software developed by NEC. 

AIN demonstrates the scope and 
scale of systems that can be imple¬ 
mented with NEC's Customized 
Networking Platform (CNP). 

CNP provides optimum network¬ 
ing solutions and 
hastens the intro¬ 
duction of new 


revenue generat¬ 
ing services. 


Vr4400 64-bit RISC PROCESSOR. 


N EC has introduced the indus¬ 
try's most powerful processor 
for workstations and servers. 
The new Vr4400, an upgrade of 
the world's first 64-bit RISC micro¬ 
processor, runs at 150MHz internally 
and performs over 100 SPECMark. 

Enhanced features include extra 
on-chip memory capacity. 

The Vr4400 reduces power demands 
with singlechip configuration and 


3.3V or 5V operation. 

An easy design-in, the Vr4400 is 
pin- and software-compatibie with 
the Vr4000. The open architecture 
supports both UNiX SVR4 and 
Windows NT. 

NEC offers three versions: the 
standard Vr4400 PC, the Vr4400 SC 
with a secondary cache controller and 
the Vr4400 MC for multiprocessor 
systems. 
























Books 

(Continued from p. 12) 

of AT&T was used to the telegraph being 
used almost exclusively by the business 
community, and saw the telephone as a 
similar tool. Only slowly did it realize that 
the social use of the telephone was a new 
and profitable market. 

The desire of customers to socialize 
over the telephone illustrates Fischer’s 
more general point, that people adopt a 
new technology to meet their own needs. 


that it is not the technology that deter¬ 
mines the change. 

This is a first-rate, scholarly book. The 
research is refreshing, because the author 
does not believe that a single theory can 
explain the evolution of an industry or 
social relations. His study illustrates the 
complexity of the process of social 
change—a process that can only be under¬ 
stood through thorough and thoughtful 
analysis of the sort he provides. 

David Gabel is associate professor of economics at 
Queens College, in New York City. His primary 


Remember how much easier this made computational math? 



You'll feel the same after using HiQ. 

When the microprocessor first came on the scene, command line 
programming was a necessity, especially if you wanted to do high 
powered real world math. But things have changed. 

Stop struggling. HiQ automates your analytical math solutions by 
providing a teirplate based programming language coupled to one 
of the most powerful function libraries available. Your ideas are 
logically assembled to accurately solve even the hairiest applied 
math problems, like non-linear stiff differential equations. 

HiQ's environment gives you everything you need to create a live 
document complete with data, graphs, and annotations. As data 
changes, everything changes because it's all dynamically connected. 

Call us for more information about HiQ because it's time your 
software starts working as hard as your hardware to simplify 
your computational math. 

HiQ. Real World Math. 1-800-488-8662 

BiMillENNiUM Corporation 

I 6795 LARk Avenue, Suite 200» Los Gatos, CAtiloRNiA 95050 
408-5 54-751 I •Fax 408-554-4588 • Internet; iNfo@biMillENNiuM.coM 


research areas are the history of the telephone 
industry and its current cost and pricing structure. 
He has written widely on such subjects as the pric¬ 
ing of telecommunications services, regulation, 
investment in regulated Industries, and AT&T’s 
strategic response to competition. 


COORDINATOR: Glenn Zorpette 


Recent books 


Digital Hardware Testing: TTansistor-Level 
Fault Modeling and Testing. Rajsuman, Ro- 
chit, Artech House, Norwood, MA, 1992,425 
pp., $78. 

Building A Belter Mousetrap: A Program¬ 
mer’s Guide to the Mouse. Donovan, Jeffrey 
S., Osbome/McGraw-Hill, New York, 1992, 
525 pp., $29.95. 

ComputerAided Analysis and Design of 
Switch-Mode Power Supplies. Lee, Yim- 
Shu, Marcel Dekker, New York, 1993, 648 
pp., $125. 

DRACLE 7: The Complete Reference. Koch, 
George, and Muller, Robert, McGraw-Hill, 
New York, 1992,1000 pp., $34.95. 

VSATs, Very Small Aperture Terminals. Ever¬ 
ett, John L„ Peter Peregrinus/IEE, Piscat- 
away, NJ, 1992,543 pp., $119. 

Word 5.1 Companion. Cobb, Gena B., et al., 
Microsoft Press, Redmoni WA, 1993, 720 
pp., $29.95. 

VSAM: Concepts, Programming, Design, 
2nd edition. Ranade, Jay, and Ranade, Hir- 
day, McGraw-Hill, New York, 1992,456 pp., 
$44.95. 

Design of Logic Systems, 2nd edition. 

Leunn, Douglas, and Protheroe, David, Van 
Nostrand Reinhold, New York, 1992,702 pp., 
$40.95. 

Database Timing: A Principled Approach. 

Shasha, Dennis E., Prentice Hall, Engle¬ 
wood Cliffs, NJ, 1992,239 pp., $29. 

The System Engineer's Handbook. Ed. 

Black, John, Academic Press, New York, 
1992,300 pp., $139. 

Nuclear Power: Technical and Institutional 
Options for the Future. National Academy 
Press, Washington, DC, 1992,215 pp., $27. 

Principles of Medical Imaging. Shung, K. 
Kirk, et al.. Academic Press, San Diego, CA, 
1992,289 pp., $74.95. 

Computer Engineering Handbook. Chen, 
C.H., McGraw-HiU, New York, 1992,595 pp., 
$79.50. 
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Pro gram notes 


IV/ni/oivs APt: private or 
public property 

Sun Microsystems Inc. is campaigning to 
move control of the Windows application 
programming interface (APD from Micro¬ 
soft Corp. to an international standards or¬ 
ganization. Success would place the API for 
Microsoft Windows, the fastest-growing 
operating system in history, in the public 
domain. 

Many software developers prefer a pub¬ 
lic domain API because it cannot contain 
undocumented functions available only to 
certain application programmers, who 
thereby gain an unfair edge in the market¬ 
place. Support for an independent defini¬ 
tion of the Microsoft Windows API was 
announced in May by some of Microsoft’s 
largest application and operating-system 
competitors, including Borland Interna¬ 
tional, WordPerfect, and Unix Systems 
Laboratories. The new Public Windows 
Interface (PWD, as it is called, was devel¬ 
oped by SunSelect, a subsidiary of Sun 
Microsystems. 

Summarizing the position of PWI propo¬ 
nents, Scott McNeeley, chief executive offi- 



environments, is a translator, not an emu¬ 
lator. By directly converting a Windows 
application’s binary code into its X Windows 
equivalent, Wabi avoids time-consuming 
Windows, DOS, BIOS, and X86 emulations 
and speeds up the application. 


cer of Sun Microsystems, said, “Changes to 
the Windows API affect [all software devel¬ 
opers] and [all end-] users. Something that 
significant should be debated in a public, 
open forum.” Sun has offered PWI to any 
organization willing to openly maintain it 
(just as the X Consortium maintains the X 
Window System standards). 

Sun argues that because PWI was devel¬ 
oped from public specifications for the 
Windows interface, it could be controlled 
by an international standards organization 
without infringing on Microsoft’s copy¬ 
rights or patents. Microsoft spokesman 
Collins Hemmingway said, “We haven’t 
seen [PWI] so we have no position on it, but 
we will defend our property.” 

Shortly before the PWI announcement, 
Microsoft licensed its Windows technology 
to Insignia Solutions Inc., the Mountain 
View, CA, developer of Windows emulation 
packages for Unix. Further, it is looking for 
other Unix vendors who want to license 
the same technology, which may reduce the 
demand for a public Windows API. 

The first product based on PWI is 
SunSelect’s Windows application binary 
interface (Wabi). Wabi translates Microsoft 
Windows function calls into X Window 
function calls. Thus Windows applications 
can run more efficiently on Unix operating 
systems that support X Windows [see fig¬ 
ure]. SunSelect is licensing Wabi to Unix 
vendors who wish to produce Windows- 
ready Unix systems. For PWI or Wabi, 
contact: SunSelect, 2 Elizabeth Dr., 
Chelmsford, MA 01824-4195; 508-442- 
2300; or circle 100. For running Windows 
applications on Unix, contact: Insignia 
Solutions Inc., 526 Clyde Ave., Mountain 
View, CA; 415-694-7600; or circle 101. 


Another look at rows and columns 

As operating systems and personal comput¬ 
ers have become more powerful, spread¬ 
sheet designers have begun to explore data 
storage formats that simplify liiddng data 
stored in different regions of the spread¬ 
sheet. 

In taking this approach, Lotus Devel¬ 
opment Corp. has created an algorithm 
that represents the data in a multidimen¬ 
sional format. Instead of the traditional up- 
down, left-right relationships between 
pieces of data, Lotus defined 12 possible 
relationships, letting users create new rela¬ 
tionships within data without breaking the 
old ones. 

Since displaying multidimensional rela¬ 
tionships is difficult, Lotus has added to 
that technology a second: dynamic viewing. 


Dynamic viewing displays any relationships 
of interest to the user in the traditional 
columnar format. 

Lotus has incorporated this multidimen¬ 
sional technology and dynamic viewing in 
Improv. It was developed on OS/2, first sold 
for the NeXT computer, and is now avail¬ 
able for Microsoft Windows. As recent 
Improv sales figures demonstrate, users 
are interested in developing connections 
between pieces of data on different parts of 
a spreadsheet: Improv was on several best¬ 
seller lists in April and May. Contact; Lotus 
Development Corp., 55 Cambridge Parkway, 
Cambridge, MA 02142; 617-577-8500; or 
circle 102. 


The heginning of the end, maybe 

Few tools have simplified the primary job of 
the programmer: writing source code. The 
only computer-aided software engineering 
(CASE) tools to have done so are screen 
generation programs, which produce the 
source code required to create graphical 
user interfaces from simple inputs. 

Now Microsoft Corp. has introduced so- 
called wizards into the Visual C-i-t- pro¬ 
gramming environment. A spinoff from 
technology developed to speed the creation 
of macro-instructions in Access database 
and Excel spreadsheet applications, a wiz¬ 
ard uses dialog boxes to extract from the 
programmer the information it needs to 
automatically generate the code. 

Wizards may be visualized as the soft¬ 
ware equivalent of an IC standard cell 
library—essentially shortcuts that save 
programmers’ time by coding commonly 
used functions. Visual C++ contains two 
kinds of wizards. AppWizards automate 
generation of application frameworks. A 
ClassWizard connects the user interface 
elements to classes supplied with Visual 
C++, turning the framework into code. 

While wizards do not reduce the amount 
of custom code, which is what makes an 
individual application unique, they simplify 
building nuts-and-bolts code. Standard cell 
libraries did not eliminate the need for cus¬ 
tom ICs, and wizards will not eliminate the 
need for custom coding. Even so, they do 
mark the end of programming as it has 
been practiced for the past 20 years. 
Contact; Microsoft Corp., 1 Microsoft Way, 
Redmond, WA 98052-6399; 206-882-8811, 
or circle 103. 


CONTRIBUTOR: John R. Hines is silicon sensors 
engineer at Honeywell Inc. 's Micro Switch 
Division, Richardson, TX. 

COORDINATOR: Richard Comeriord 
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a New Approach 
to Scientific 
Data Analysis 



Use Analysis Ad\isof 

A nalysis Advisor is a free inter¬ 
active analysis software tutorial 
that includes demonstrations of 
graphical and traditional programming 
methodologies for analysis. Using this 
interactive tutorial, you can investigate; 


• Windowing 
•Curve fitting 
•Signal averaging 

• Simulation 


• Descriptive statistics 
•Speed benchmarks 

Analysis Advisor requires Windows 3.1 andSMBofrnemoiy. 

Call for FREE Analysis Advisor Software 

(800) 433-3488 iu,s. Conodoi 


6504 Bridge Point Parkway 
Austin, ly 78730-5039 
Tel: (512)794-0100 
95 (800)0100793 (Mexico) 
Fax; (512) 794-8411 



Calendar 

Meetings,Conferences, and Conventions 


JULY 


World Congress on Neural Networks 
(C, NN); July 11-15; Oregon Convention 
Center, Portland; IEEE Computer Society, 
Conference Department, 1730 Massachu¬ 
setts Ave., N.W., Washington, DC 20036- 
1903; 202-371-1013; fax, 202-728-0884. 

International Vacuum Microelectron¬ 
ics Conference (ED); July 12-15; Hotel 
Viking, Newport, RI; Charles A. Spindt, SRI 
International, 333 I^venswood Ave., Menlo 
Park, CA 94025; 415-859-2993., 

International Semiconductor Manu- 
factiudng Science Symposium (ED); July 
18-21; San Francisco Marriott, San Fran¬ 
cisco; Eileen Vierra, Semi, 805 East Middle- 
field Rd., Mountain View, CA 94043; 415- 
940-6988; fax, 415-967-5375. 

Power Engineering Society. Svmuner 
Meeting (PE); July 18-22; Hotel Vancouver 
& Hyatt Regency, Vancouver, BC, Canada; 
B.C. Prior, B.C. Hydro & Power Authority, 
1611 Southpoint Dr., Podium AOl, Burnaby, 
BC V3N 4X8, Canada; 604-528-1600, ext. 
2736. 

Smnmer Topical Meetings: Optical 
Microwave Interactions (LEO, MTT), 
July 19-21; Visible Semiconductor Lasers 
(LEO), July 21-23; Hybrid Optoelectronic 
Integration and Packaging (CHMT, 
LEO), July 26-28; Impact of Fiber Non- 
linearities on Lightwave Systems (LEO), 
July 26-28; Gigabit Networks (COM, 
LEO), July 28-30; Fess Parker Red Lion 
Resort, Santa Barbara, CA; Cathy Gold¬ 
smith, lEEE/LEOS, 445 Hoes Lane, Box 
1331, Piscataway, NJ 08855-1331; 908-562- 
3894; fax, 908-562-157L 

International Microprocess Confer¬ 
ence (ED); July 19-22; International Con¬ 
ference Center Hiroshima, Hiroshima, 
Japan; Susumu Namba, Business Center, 5- 
16-9 Honkomagome, Bunkyo-ku, Tokyo 113, 
Japan; (81-1-3) 5814 5800. 

11th International Conference on Con¬ 
duction and Breakdown in Dielectric 
Liquids-ICDL ’93 (DEI); July 19-23; ABB 
Research Center, Baden, Switzerland; Peter 
Biller, ABB Management AG, Dattwil, 
CH5405 Baden, Switzerland; (41-1-56) 76 8277. 

Sixth International Workshop on Com¬ 
puter-Aided Software Engineering (C); 


July 19-23; Institute of Systems Science, 
National University of Singapore, Kent 
Ridge, Singapore; IEEE Computer Society, 
Conference Department, 1730 Massachu¬ 
setts Ave., N.W., Washington, DC 20036- 
1903; 202-371-1013; fax, 202-728-0884. 

30th IEEE Nuclear and Space Radia¬ 
tion Effects Conference (NPS); July 
19-23; Snowbird Ski and Summer Resort, 
Snowbird, UT; James R. Schwank, Sandia 
National Laboratories, Department 1332, 
Box 5800, Albuquerque, NM 87185; 505- 
844-8376. 

Second International Symposiiun on 
High Performance Distributed Com¬ 
puting (C); July 21-23; Cavanaugh’s Inn, 
Spokane, WA; IEEE Computer Society, Con¬ 
ference Department, 1730 Massachusetts 
Ave., N.W., Washington, DC 20036-1903; 
202-371-1013; fax, 202-728-0884. 

Regional Control Conference (CS); July 
23-24; New Jersey Institute of Technology, 
Newark; Timothy N. Chang, Department of 
Electrical and Computer Engineering, 
Newark, NJ 07402; 201-596-3519. 

Joint Technical Conference on Cir¬ 
cuits/Systems Computers and Commu¬ 
nications—^JTC-CSCC ’93 (CAS); July 
26-28; Nara Women’s University, Nara, 
Japan; Kenji Onaga, Department of Infor¬ 
mation Engineering, University of Ryukyus, 
Nishihara, Okinawa 903-01, Japan; (81+98) 
895 2221; fax, (81+98) 895 2688. 

International Conference on Intelligent 
Robots and Systems—IROS ’93 (IE, 
RA); July 26-30; Pacific Convention Plaza, 
Yokohama, Japan; Kyoichi Tatsuno, Energy 
Science and Technology Laboratory, R&D 
Center, Toshiba Corp., 4-1 Ukishiino-cho, 
Kawasaki-ku, Kawasaki 210, Japan; (81+44) 
288 8076; fax, (81+44) 288 8213. 


IEEE members attend more than 5000 IEEE 
professional meetings, conferences, and con¬ 
ventions held throughout the world each year. For 
more Information on any meeting In this guide, 
write or call the listed meeting contact. 

Information Is also available from: Conference 
Services Department, IEEE Service Center, 445 
Hoes Lane, Box 1331, Piscataway, NJ 80055; 
908-562-3878; submit conferences for listing to; 
Ramona Foster, IEEE Spectrum, 345 E. 47th St., 
New York, NY 10017; 212-705-7305. 

For additional information on hotels, conference 
centers, and travel services, see the Reader 
Service Card. 
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AUGUST 


Cornell Conference on Advanced Con¬ 
cepts in High-Speed Semiconductor 
Devices and Circuits (ED); Aug. 2-4; Cor¬ 
nell University, Ithaca, NY; Pallab Bhat- 
tacharya. Department of Electrical Engi¬ 
neering, University of Michigan, 1301 Beal 
Ave., Ann Arbor, MI 48109-2122; 313-763- 
6678; fax, 313-747-1781. 

International Microwave Conference/ 
Brazil (MTT); Aug. 2-5; Convention Cen¬ 
ter Reboucas, Sao Paulo, Brazil; Flavio Pillon 
Richards, Sociedade Brasileira de Microon- 
das. Institute Maua de Tecnologia, Estrada 
das Lagrimas, 2035,09580-900, Sao Caetano 
Do Sul, Sao Paulo, Brazil; (55+11) 743 8988. 

Hot Interconnects Symposium (C); Aug. 
5-7; Stanford University, Palo Alto, CA; 
IEEE Computer Society, Conference De¬ 
partment, 1730 Massachusetts Ave., N.W., 
Washington, DC 20036-1903; 202-371-1013. 

Workshop on Hierarchical Test Gener¬ 
ation (C); Aug. 8-11; Virginia Polytechnic 
Institute and State University, Blackburg, 
VA; IEEE Computer Society, Conference 
Department, 1730 Massachusetts Ave., 
N.W., Washington, DC 20036-1903; 202-371- 
1013; fax, 202-728-0884. 

Fifth International Conference on 
Hiunan-Computer Interaction (COM, 
SMC); Aug. 8-13; Hilton at Walt Disney 
World Village, Orlando, FL; Gavriel Sal- 
vendy, HCI International ’93,1287 Grissom 
Hall, Purdue University, West Lafayette, IN 
47907-1287; 317-494-5426; fax, 317-494-0874; 
e-mail, salvendy@ecn.purdue.edu. 

Intersociety Energy Conversion Engi¬ 
neering Conference (ED); Aug. 8-13; 
Hyatt Regency Hotel, Atlanta, GA; Diane 
Ruddy, American Chemical Society, 1155 
16th St., N.W, Washington, DC 20036; 202- 
872-4600. 

International Workshop on Memory 
Testing (C); Aug. 9-10; Marriott Hotel, 
Santa Clara, CA; IEEE (Computer Society, 
Conference Department, 1730 Massachu¬ 
setts Ave., N.W., Washington, DC 20036- 
1903; 202-371-1013; fax, 202-728-0884. 

International Symposium on Electro¬ 
magnetic Compatibility—^EMC "93 (EMC); 
Aug. 9-13; Grand Kempinski Hotel, Dallas; 
Joe Stanfield, SEI, 9226 Markville Dr., Dal¬ 
las, TX 75243; 214-690-9881. 

36th Midwest Symposium on Circuits 
and Systems (CAS, CS, et al.); Aug. 14-17; 
Westin Hotel Renaissance Center, Detroit, 
MI; Michael P. Polls, Department of Electri¬ 
cal and Computer Engineering, Wayne State 
University, Detroit, MI 48202; 313-577-3920. 


International Geoscience and Remote 
Sensing Symposium (GRS); Aug. 18-21; 
Kogakula University, Tokyo; MiMo Takagi, 
Institute of Industrial Science, University of 
Tokyo, 7-22-1 Roppongi Minato-ku, Tokyo 
106, Japan; (81+3) 3479 0289; fax, (81+3) 
3402 6226. 

Eighth International Symposium on 
Intelligent Control (CS); Aug. 25-27; 
Knickerbocker Hotel, Chicago; Panos J. 
Antsaklis, Department of Electrical Engi¬ 
neering, University of Notre Dame, Notre 
Dame, IN 46556; 219-613-5792. 


International Conference on the Appli¬ 
cations of Diamond Films and Related 
Materials (ED); Aug. 25-27; Sonic City 
Hall, Omiya Saitama, Japan; ADC ’93 Secre¬ 
tariat, International Communications Inc., 
Kasho Building 2-14-9 Nihombashi, Chuo-ku, 
Tokyo 103, Japan; fax, (81+03) 3273 2445. 

Solid State Circuits and Technology 
Workshop on Low-Power Electronics 
(SSC); Aug. 25-27; Biltmore Hotel, Phoenbe, 
AZ; Ran-Hong Yan, AT&T Bell Laborato¬ 
ries, Holmdel, NJ 07733; 908-949-7695; fax, 
(Continued on p. 18D) 
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SERIES 


Highest Efficiency with Lowest Loss. 

30% Lower Loss Than Our E Series plus 
New Designed FWD, Faster Trr, and Soft Recovery. 


• The Best Static Power Loss 
VCE(sat) Switching 

Loss Trade-Off. 

• Square Switching SOA to 1200V. 

< Reduced “Snubber” Cost. 

• Lowest Total Power Loss. 

• High Frequency Design Optimized 
at 20 KHZ (High Performance 
H-Series). 

• Higher Efficiency In 
Smaller Package. 

->300 Amps at 600V 
>150 Amps at 1200V .. 

• Reduce Heat Sink. ■■■' !! 

• Faster Switching. . .. .v' * 


• The Newest Technology On 
The Market. 

• Test Results Prove The Powerex 
IGBT is The Toughest 

On The Market. 

• Reduce Overall System 
Design Cost. 

• Voltage Drive Reduces Design 
and Manufacturing Costs. 




H-Series redesigned for high 
efficiency in a smailer package. 

E-Series H-Series 
300 Amp Dual 300 Amp Dual 


Continuing 
Investment for the 
Advanced Products 
of Tomorrow. 





I in Alliance with Mitsubishi Electric Corp. 
s Street, Youngwood, PA 15697-1800 
925-4393 
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Imagine being able to 
instantly move a four-ton elephant 
thousands of miles 
through a copper wire. 


It would be a fairly amazing feat. 
A huge pachyderm sent thousands of 
miles over an ordinary phone line. 

And in half the time it 

takes to read this ad. 

It’s possible. With the 
new Picasso™ Still-Image 
Phone from AT6ar. 

By capturing and sending still 
images, the Picasso Still-Image Phone 
allows you to transmit high-quality pictures 
over conventional analog phone lines. 


present plans to your client, educate 
field engineers or send revised blueprints. 
All from your office. In fact, anything 
you can see, you can send. 

And it’s as easy to 
use as a normal phone. 
First, the phone captures 
an image from a camcorder, 
electronic camera or document camera. 
Then you simply press a button, and in 
seconds the image appears in color on the 
Picasso Phone at the other end, upgrading 



With a Picasso Phone, you could 


your teleconference to an image conference. 




Furthermore, 

some other 


you get the immediacy of a phone call 
with the color and clarity of a television 




tions. And since it 


wasting time and 


uses conventional 


money on unnec- 


picture. 


Which means no more vague con¬ 


versations full of words like “imagine.” 


No more costly project delays caused 


by poor communication. And no more 

(actual picture) 


sounds good to you, call 1 800 225-3000 


and we’ll arrange a demonstration. After 


Phone, 


If the Picasso 




still-image commu- 


.nication equipment, 
the Picasso Phone has simultaneous 


voice and image capability. So you 


pay only for normal phone calls and send 


essary travel 


phone lines, you 


can present visHals without interrup- 

(actual picture) 


picassa 

ISTILL-IMAGE PHONE 


ATgT 


all, seeing is believing. 








Calendar 

(Continued from p. 18A) 

908-949-6010; or Bob Nielsen, Eastman 
Kodak Co., Eastman Kodak Research Labo¬ 
ratory, Rochester, NY 14650-2024. 

International Conference on Solid- 
State Devices and Materials (ED); Aug. 
29-Sept. 1; Nippon Convention Center, 
Chiba City Japan; SS DM Secretariat, c/o 
Business Center for Academic Societies 
Japan, Honkomagome 5-16-9, Bunkyo-ku, 
Tokyo 113, Japan; (81+3) 5814 5800. 

International Symposium on Galliiun 
Arsenide and Related Compounds 
(ED); Aug. 29-Sept. 2; Karlsbau Congress 
Center, Freiburg, Germany; Hans J. 
Boehnel, Fraunhofer Institut fiir Ange- 
wandte Festkorperphysik, TuUastrasse 72, 
W-7800 Freiburg, Germany. 


SEPTEMBER 


Fourth European Conference on Elec¬ 
tron and Optical Beam Testing of Elec¬ 
tronic Devices (R); Sept. 1-3; Swiss Fed¬ 
eral Institute of Technology (ETH), Zurich; 
Mauro Ciappo, Reliability Laboratory, ETH- 


Zentrum, CH-8092 Zurich, Switzerland; 
(41+D 256 2436; fax, (41+1) 2512172. 

Athens Power Tech—Planning, Opera¬ 
tion and Control in Today’s Electric 
Power Systems (PE, Greek Section); Sept. 
5-7; Athens Concert Hall, Greece; B.C. 
Papadias, National Technical University of 
Athens, Electric Energy Systems Labora¬ 
tory, Patission St. 42, Athens 106 82, Greece; 
(30+1) 360 0551 or 3611983. 

Computers in Cardiology Conference 
(EMB); Sept. 5-8; Imperial College of Sci¬ 
ence, Technology, and Medicine, London; 
Richard Kitney, Centre for Biological and 
Medical Studies, Imperial College, Exhibi¬ 
tion Road, London SW7 2BT, United King¬ 
dom; (44+71) 225 8525. 

Workshop on Neural Networks for Sig¬ 
nal Processing (SP); Sept. 6-9; Maritime 
Institute of Technology and Graduate Stud¬ 
ies, Linthicum Heights, MD; Gary Kuhn, 
Siemens Corporate Research, 755 College 
Rd., East, Princeton, NJ 08540; or Barbara 
Yoon, ARPA-IST, Wilson Boulevard, Wash¬ 
ington, DC 20002. 

Fifth Conference on Optical Hybrid 
Access Networks (COM, Region 7); Sept. 
7-9; Four Seasons Hotel, Montreal; Ray¬ 



ENGINEER YOUR FUTURE - 
THE VIP 


As a working engineer, you know the 
importance of furthering your career 
with ongoing technical education. 

Ensure your future and stay competitive 
with the VIP. 


• Instruction delivered to your workploce 
live via satellite broadcast or on videotape 

• University of Massachusetts resident graduate faculty 

■ Degree programs: 

M.S. in Electrical and Computer Engineering 
M.S. in Engineering Management 

■ Non-degree program 

■ Short courses 

Call or write: 

VIDEO INSTRUCTIONAL PROGRAM 

College of Engineering 
113 Marcus Hall 
University of Massachusetts 
Amherst, MA 01003 

Phone: (413) 545-0063 FAX: (413) 545-1227 
Internet e-mail address: vip@ecs.umass.edu 

An equal opportunity/nffirmative oction institution 


mond Quintal, 700 de La Gauchetiere West, 
18W2, Montreal, PQ, H3B 4L1, Canada; 514- 
870-3060; fax, 514-870-9560. 

Fifth International Conference on 
Simulation of Semiconductor Devices 
and Processes (ED); Sept. 7-9; Technical 
University of Vierma, Austria; Siegfried Sel- 
berherr. Institute of Microelectronics, Guss- 
hausstrasse 27-29/E360, A-1040 Vienna, 
Austria; (43+1) 58801 3855; fax, (43+1) 
5059224. 

Fourth International Symposium on 
Personal, Indoor and Mobile Radio 
Commimications—PIMRC ’93 (COM); 
Sept. 9-11; Pacifico Yokohama Convention 
Center, Yokohama, Japan; Shuzo Kato, NTT 
Radio Communications Systems Laborato¬ 
ries, 1-2356 Take, Yokosiia, 238-03 Japan; 
(81+46) 859 3470; fax, (81+46) 859 8022. 

Sixth International Conference on 
Transmission and Distribution Con¬ 
struction and Live-Line Maintenance 
(PE); Sept. 12-17; Riviera Hotel and Casino, 
Las Vegas, NV; Ed Cromer, Nevada Power, 
MS90A, Box 230, Las Vegas, NV 89151; 702- 
657-4001; fax, 702-657-4036. 

Magnetic Recording Conference (MAG); 
Sept. 13-15; University of Minneapolis, MN; 
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PffoteH ¥®iff Idtemsiife 
jif put P®irteiM® Peisfoi! 


T he IEEE’s United States 
Activities unit, lEEE-USA, 
is backing Federal legislation to 
increase the adequacy and 
efficiency of the private 
pension system. H.R. 1874, 

The Pension Portability 
Improvement Act, would: 

• Reduce vesting require¬ 
ments from five to three 
years. 

• Improve pension 
portability by permitting 
vested employees to transfer 
earned benefits from one 
retirement savings plan to 
another. 

• Preserve pension assets 

through direct transfers of 
vested benefits to individual 
retirement accounts (IRAs) or 
other portable pension plans. 


WMAT YOU (CAW 

U.S. IEEE members can help by 
writing to their Representatives in 
Washington. Urge them to enact 
portability improvement 
legislation during the current 
Congress. Tell them how 
important it is to reduce vesting 
requirements, guarantee 
transferability of pension benefits, 
and promote pension 
preservation. 

Additional information on the 
legislation and how you can 
communicate your support to 
lawmakers is available from 
lEEE-USA’sVin O’Neill 
(v.oneill@ieee.org). 

BEEE United States Activities 
1828 L Street, N.W., Suite 1202 
Washington, D.C 20036-5104 
(202) 785-0017 (Voice) 

(202) 785-0835 (Fax) 









Calendar 

Mardi Geredes, IIST, Santa Clara Univer¬ 
sity, Santa Clara, CA 95053; 408-554-6853. 

Petroleum and Chemical Industry 
Technical Conference—PCIC ’93 (lA, 
St. Louis/C); Sept. 13-15; Clarion Hotel, 
St. Louis, MO; Harold B. Dygert, Clark, 
Richardson & Biskup, 655 Craig Rd., Suite 
240, St. Louis, MS 63141; 314-997-1515. 

International Conference on Control 
and Applications (CS); Sept. 13-16; Le 
Meridien Vancouver Hotel, Vancouver, BC, 
Canada; Guy Dumont, Pulp & Paper Cen- 
ter-UBC, 2385 E. Mall, Vancouver, BC V6P 
1Z4, Canada; 604-822-8564. 

Software Engineering Standards Sym¬ 
posium (C); Sept. 13-17; Hospitality Inn, 
Brighton, United Kingdom; IEEE Computer 
Society, Conference Department, 1730 
Massachusetts Ave., N.W., Washington, DC 
20036-1903; 202-371-1013. 

Virtual Reality Annual International 
Symposium (NN); Sept. 18-23; Sheraton 
Hotel, Seattle, WA; Thomas Caudell, Boeing 
Computer Services, Boeing Building 33-07, 
MS 7L-22,2760160 Ave., S.E., Bellevue, WA 
98008; 206-865-3763. 


International Symposium on Semicon¬ 
ductor Manufacturing (ED); Sept. 20-21; 
Austin Marriott Hotel at the Capital, Austin, 
TX; Steven Leeke, Texas Instruments Inc., 
MS 457, Box 655012, DaUas, TX 75265; 214- 
995-2249; fax, 214-995-1724. 

Autotestcon ’93 (AES et aU; Sept. 20-23; 
San Antonio Convention Center, San Anto¬ 
nio, TX; Robert E. Noble, 2500 Fallbrook, 
TX 78232; 512-491-031L 

ISth International Congress on Instru¬ 
mentation in Aerospace Simulation 
Facilities—ICIASF ’93 (AES); Sept. 20- 
23; Institute at Saint-Louis, Saint-Louis 
Cedex, France; Hans J. Pfeifer, French-Ger¬ 
man Research Institute (ISL), 5 rue de 
llndustrie, B.P. 34, F68301 Saint Louis 
Cedex, France; (33-^89) 69 51 60; fax, 
(33+89) 69 5162. 

Second Network Management and 
Control Workshop (C); Sept. 21-23; West¬ 
chester Marriott Hotel, Tarrytown, NY; 
Judy Keller, IEEE Communications Society, 
345 East 47th St., New York, NY 10017; 212- 
705-7365; fax, 212-705-7865. 

43rd Aimual IEEE Broadcast Sympo¬ 
sium (BT); Sept. 22-23; Hotel Washington, 
Washington, DC; Edmund Williams, PBS, 


I I ^. i|H i |.ij| i jjpMjp IJ. i, 

Physio-Control, a world leader in the design and manu¬ 
facture of medical instrumentation, is looking for the best. 

Motivated individuals are needed to transform ideas for new lifesaving cardiovascular 
therapies into real-world clinical solutions. Team Member positions are now available 
for the following: 

RESEARCH DATA ANALYST- MS, Ph.D. preferred, in en^neering, applied 
math or physics; 3 years postgraduate experience with statistical signal 
processing for biomedical applications. Prior experience with data repre¬ 
sentation, feature extraction and statistical classification highly desirable. 
RESEARCH PROGRAMMER - BS with 2 years development experience, MS 
preferred, in engineering, applied math or physics. Practical background 
developing graphic displays and user-interface tools in X-Windows. Experi¬ 
ence developing Oracle database structures from SQL and C, and experience 
with biomedical data preferred. 

SENIOR RESEARCH ENGINEER - MSEE required; course work in cardio¬ 
vascular physiology and 5 years practical experience in cardiovascular 
research (defibrillation, electrophysiology) with biomedical application highly 
desirable. 

These Team Members wiU work to create new device concepts, plan research projects, 
create device prototype (hardware/software), and participate in clinical trial develop¬ 
ment. The successful applicants will have proven creative ability, demonstrated experi¬ 
ence in their field of expertise and excellent written and verbal communication skills. 

The ability to organize and perform comprehensive research planning is essential. 
Additional Team Member positions are also available for qualified individuals; 

• Mechanical Engineers • Software Engineers 

• Electrical Engineers • Quality Engineers 
Physio-Control offers immediate medical/dental coverage, 
company matched savings plan, tuition reimbursement, 
and a creative environment. For immediate consideration, 
please send your resume, indicating position of interest, 
in confidence to: Physio-Control Corporation, Human 
Resources Department, P.O. Box 97006, Redmond, 

WA 98073-9706. Equal Opportunity Employer. 


PHYSIO 

CONTROL 


Engineering Department, 1320 Braddock 
Place, Alexandria, VA 22314; 703-739-5172. 

15th Annual Electrical Overstress/ 
Electrostatic Discharge Symposium— 
EOS/ESD (CHMT); Sept. 26-27; Buena 
Vista Palace, Lake Buena Vista, FL; 
EOS/ESD Association Inc., 200 Liberty 
Plaza, Rome, NY 13440; 315-339-6937. 

Holm Conference on Electrical Con¬ 
tacts (CHMT); Sept. 26-29; Pittsburgh 
Vista, Pittsburgh; Holm Conference Regis¬ 
trar, IEEE Technical Activities, 445 Hoes 
Lane, Box 1331, Piscataway, NJ 08855-1331; 
908-562-3895; fax, 908-562-157L 

Second International Workshop on 
Emerging Technologies and Factory 
Automation—ETFA ’93 (IE et al.); Sept. 
27-29; Palm Cove Resort, North Queens¬ 
land, Australia; Alfred C. Weaver, Depart¬ 
ment of Computer Science, Thornton Hall, 
University of Virginia, Charlottesville, VA 
22903; 804-982-220L 

International Symposium on Subscrib¬ 
er Loops and Services (COM); Sept. 
27-Oct. 1; Vancouver Trade & Convention 
Center, Vancouver, BC, Canada; Shahid 
Hussain, BC Tel, 2-4535 Canada Way, Burn¬ 
aby, BC, V5G1J9, Canada; 604-654-7420. 


Earn $4,000 Per Month 
From Your Home 
With A Computer! 



FREE CBSI 486 SX Computer 
Begin part-time and still retain the se¬ 
curity of your present position. This is a 
proven turnkey business an individual or 
couple can run. If you purchase our soft¬ 
ware and business program, we will give 
you the computer and printer. If you 
already own a computer, you may receive 
a discount. You do not need to own, or 
know how to run, a computer — we will 
provide free, home office training. Financ¬ 
ing available. Learn how other engineers 
are building a lifetime income! 

For free cassettes and color literature, call: 

1-800-343-8014, ext. 1033 

(in Indiana; 317-758-4415) Or Write: 

Computer Business Services, Inc. 
CBSI Plaza, Ste. 1033, Sheridan, IN 46069 


18F 


EEE SPECTRUM JULY] 





















Reflections 


Riding the wave 

i pause on my bike ride along¬ 
side the surfing beach. Like 
large black bugs, the surfers 
bob in a jagged line, inexplica¬ 
bly clustered in one small area 
of the formless ocean. The setting sun glis¬ 
tens on the backs of their wet suits as they 
are lifted for a moment by a passing wave. 
Although it looks like a perfectly good wave 
to me, none of them moves or stops concen¬ 
trating on the featureless, watery expanse 
before them. Up and down they rise and fall, 
watching and conserving their energy for 
the big wave that will eventually arise. 

My ovm patience is quickly exhausted, 
and I turn to leave when suddenly most of 
the surfers begin paddling strongly toward 
the shore. They know more than I do about 
the ocean, for the black bugs 
are now metamorphosed into 
human surfers balancing pre¬ 
cariously in the curl of a large 
wave. Of course, “large” is rela¬ 
tive—this is New Jersey, and 
the dirty ocean is quickly 
bestrewn with arms, legs, and 
boards. Only one black bug still 
bobs out in the distance, betting 
on an even bigger wave yet to 
come. 

It occurs to me that most of 
us act in a similar manner with 
respect to technology. There 
are a lot of us electrosurfers 
out there, bobbing up and down, 
watching the tremors of tech¬ 
nology and preparing to paddle 
when we believe a big wave 
might be forming. It is a diffi¬ 
cult sport that only a few of us 
have mastered. Choose the 
wrong wave, and you are unceremoniously 
dumped after an ungainly and abortive run. 
Start paddling too late and the wave passes 
you by, as your more perceptive associates 
sweep triumphantly toward shore. 

However, the prizes in electrosurfing are 
not necessarily for the longest or best ride. 
Perhaps what counts most is how many 
other surfers choose the same wave. 
Looking ahead at the rippling field of tech¬ 
nology is not enough. Good electrosurfers 
glance frequently to their left and right, 
watching for signs that their fellow surfers 
might begin paddling. When the wave 
crests and most of your friends and com¬ 
petitors are standing on top, you must be 
there, too. If you are left at sea, it will be 
fruitless to protest that you are awaiting a 


bigger wave. K that is your strategy, your 
wave had better be a lot bigger, and if you 
cannot persuade many others to join you, 
no one will even notice your ride. 

Not all surfers count equally. When a 
surfer with a Microsoft or Intel label on 
her back starts paddling, you have to take 
special notice. These people seem to make 
their own waves. Remember, however, 
your friends who followed the surfer from 
Wang, and who sank beneath the swell as 
the little wave died away. Take notice also 
of the large surfer in the big blue wet suit 
who seems to be floundering uncertainly. 
Laugh if you will, but ignore his strokes at 
your peril. 

It used to be that the government had 
very special surfers. They would point in a 
direction and declare a wave by definition. 
“Ada will be the main wave in software,” 
they said. “Gossip will replace TCP/IP for 



communications protocols.” But the waves 
that followed didn’t look so big. Maybe the 
government is just another surfer now, and 
perhaps it can’t make its own waves. This 
means that government needs to learn to 
watch the waves and to sense the winds of 
the market with the rest of us. It, too, can 
bob in the ocean and guess where the 
other surfers will jump—^the essential skill 
of our time. 

I often marvel at how things actually 
happen in technology. I used to believe that 
they came about from great invention— 
like the great individual ride. The need to 
read the waves and to predict where they 
might crest was never in my mind. I remem¬ 
ber years ago when one of my associates 
told me breathlessly about the terrific new 


microprocessor he had conceived. “Better 
than Intel,” he insisted. Naturally, he want¬ 
ed blessing and support. I think that I 
agreed with him that his chip probably was 
better than Intel’s—taking his word for 
it—but I lamented that it didn’t matter. 
When the other fellow has disappeared 
with the only wave around, it is pretty futile 
to start paddling on your own. I occasional¬ 
ly have friends who come up with new 
computer languages, too. They are always 
supposed to be better than C or Fortran or 
whatever—and maybe they are, but they 
just never start a wave. 

There are counter examples, of course. 
You can’t ignore all the waves simply 
because not many surfers are paddling. I 
remember first hearing about the RISC 
processor chip. Neat idea, I thought, but no 
chance of attracting any surfers. Its later 
success just goes to show that if a techno- 
■ ^ logical wave is big enough, people 
I will come. And sometimes big 
I waves just seem to arise sponta¬ 
neously from calm. Object-orient¬ 
ed programming stirred restlessly 
i for years. Then a few surfers 
started paddling in hopes of con¬ 
vincing others that a wave was 
,] approaching. Now there are 
( throngs of hopeful surfers stand- 
j ing on their boards. It appears that 
a real vrave is forming; otherwise a 
lot of them are going to look silly. 

Often standards committees try 
to tell us where the waves will be. 
) “ISDN,” they say. Or maybe it is 
“OSI.” “Get on board,” they insist. 
But standards only work when 
they persuade all the surfers to 
start paddling, and as someone 
recently observed, most standards 
are dead on arrival. You have to do 
your own assessment of when peo¬ 
ple will move; that is where today’s skill 
lies. For example, it seems that ATM will 
be the great new communications wave. 
I’m out there paddling, and so is everyone 
to my right and left. Occasionally I look 
back to see if a wave is actually forming. 1 
think it is, but I’ve been wrong before. 
Please join me! 

Well, it is time for me to remount my 
bike and pedal home before dark. I wish I 
had the skills that I admire in these 
Atlantic surfers. One thing is for sure: in 
technology now, the surf is up. What we do 
with it—^when we paddle and how well we 
ride—that is what separates the winners 
from the losers. 


Robert W. Lucky 
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SPECIAL REPORT: ENVIRONMENl PART 1 


Sensing climate change 


An international effort to 
monitor what progress is 
(king to the planet could be 
the largest technical 
undertaking in history 



he world’s space programs 
have in a few decades 
reaped dividends that were 
scarcely imagined by even 
the most starry-eyed of 
science-fiction pioneers. 
International telecommuni¬ 
cations and broadcasting, 
astounding views of the solar system’s outer 
planets and insights into its origins, more ac¬ 
curate storm warnings, and reconnaissance 
are but a few of the benefits now widely 
taken for granted. 

What may be the biggest benefit of all is 


Glenn Zorpelle Senior Associate Editor 


A cirrus cloud drifiting 9-11 km above 
Coffeyville, KS, was captured by a light de¬ 
tection and ranging (lidar) system operated 
by the University of Utah. Pointed upward 
from the ground, the lidar registered small 
but telling details, such as the uncinus cells, 
which are the wispy curls on top. These puffs 
freeze water droplets or haze into ice crystals, 
which are often borne along by the wind to 
become the long, thin body of the cirrus 
cloud. Consisting mostly of reflective ice 
crystals but subject to phase changes, cirrus 
clouds play a pivotal role in the earth’s ra¬ 
diation budget. 


fast approaching. In laboratories, computer 
centers, and government agencies all over 
the world, an Immense project is taking 
shape whose goal is determining what in¬ 
dustry and technology have done, and are 
doing, to the global climate and envi¬ 
ronment. At stake is nothing less than the 
future quality of life on earth. 

With circumstantial evidence mounting 
±at nearly two centuries of industrial-age 
pollution has indeed begun altering the 
earth’s climate and environment, the need 
for more conclusive and illuminating ev¬ 
idence has become urgent, to say the least. 
The affected phenomena include many fun¬ 
damental to sustaining life, such as the 
global distribution of arable land, fresh 
water, and storms, and the type and in¬ 
tensity of radiation reaching the planet’s 
surface. 

Appropriately, the effort to monitor and 
model climatic and environmental change is 
international, and even seen by some as an 
evolving model for global cooperation in 
space. Never before has a space project re¬ 
quired nations to cooperate on such a scale. 

Electronic and optical technologies of 
every kind will underpin what will ultimately 
be a vast orbiting and terrestrial infra¬ 
structure for monitoring and modeling the 
global climate and environment. Sensors 
will include space-based, airborne, and 
surface instruments, of both passive and 
active varieties. They will monitor fre¬ 
quencies ranging from the microwave 
through the infrared, ±e visible, and the ul¬ 
traviolet regions. An exhaustive survey of 
environmental and climatic remote sensing 
is impossible in a magazine article, so the 
focus here will be on a select number of 


vital scientific questions and the tech¬ 
nologies that researchers are counting on 
to help answer them. For the sake of 
brevity, the article will also concentrate on 
satellite-based sensors. 

Facilities for processing and storing data 
will have to cope not only with the unprece¬ 
dented torrent of data from these sensors, 
but also with an international community of 
researchers demanding easy access. A key 
challenge is enabling them to spot sig¬ 
nificant trends hidden within these huge 
data sets. The Mitre Corp.’s Nahum 
Gershon and Grant Miller describe some of 
the challenges being encountered in the 
design of the data-processing facilities for 
the National Aeronautics and Space Admin¬ 
istration’s Earth Observing System (EOS), 
the intergovernmental, many-satellite 
project that is the planned cornerstone of 
near-term climate and environmental moni¬ 
toring efforts. Gershon and Miller’s article 
begins on p. 28. 

Such data are also being used to fuel su¬ 
percomputer models of global climate, some 
of which look 500 years or more into the 
future. This is not a new use of supercom¬ 
puters, but as Senior Editor Tekla S. Perry 
notes, today’s gigaflops machines are only 
beginning to allow researchers to build 
models complex enough to detect climate 
change on a regional level [p. 33]. 

As might be expected, researchers are 
latching on to the latest technological ad¬ 
vances almost as they occur. Light detection 
and ranging (lidar) sensors, and others built 
with compact, integrated microwave elec¬ 
tronics, are either being tested or soon will 
be. New algorithms will be needed to make 
the data-processing tasks manageable, and 
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the latest massively parallel architectures 
are being eagerly pressed into the modeling 
effort. 

Despite this level of activity and com¬ 
mitment, however, most researchers have 
few illusions about the ability of a 15-year 
project to entirely comprehend extremely 
complex atmospheric processes that have 
been two centuries in the making, and 
whose effects will likely persist for centuries 
more. “EOS is really not a long-term moni¬ 
toring activity,” said George Ohring, chief of 
the Satellite, Research Laboratory at the 
National Environmental Satellite, Data and 
Information Service, Suitland, MD, run by 
the National Oceanic and Atmospheric 
Administration (NOAA), Washington, 

DC. 

Rather, as some researchers have 
optimistically pointed out, EOS is the 
prototype of future long-term moni¬ 
toring missions. About halfway 
through EOS’s 15-year span, the 
world’s scientific, technical, and po¬ 
litical communities will have to decide 
what comes next. 

SIZABLE INVESTMENT. Already, en¬ 
thusiasm is high in view of the fact 
±at one of the largest international 
scientific and technological enterprises in 
history is literally about to get off the 
ground. “Over the next decade, there’s 
going to be 50 environmental satellites 
launched in the world,” according to John H. 
McElroy, dean of engineering at the 
University of Texas at Arlington. “If each 
one of them costs $250 million-$500 
million, including the launch, that is a sizable 
investment in this business.” McElroy is as¬ 
sistant administrator of NOAA and a former 
deputy director of the National Aeronautics 
and Space Administration’s Goddard Space 
Flight Center, in Greenbelt, MD. 

For the international EOS project, the 
U.S. budget alone through the year 2000 is 
$8 billion. EOS is by far the largest com¬ 
ponent of NASA’s Mission to Planet Earth, 
which is in turn part of the United States 
Global Change Research Program. 

Much of this activity is being guided, at 
least indirectly, by a series of priorities es¬ 


tablished in the autumn of 1991 by a group 
of EOS interdisciplinary investigators and 
an intergovernmental panel on climate 
change. The top priority identified was a 
broad one encompassing the climatic effects 
of clouds, water vapor, precipitation, and 
solar radiation. The last factor is itself 
somewhat complicated, involving the 
balance between the solar radiation re¬ 
ceived by and that reflected from earth and 
the variability of the radiation reaching the 
planet. 

These phenomena are important for 
several reasons. Computer models of long¬ 
term climate change and greenhouse 


warming vary by as much as 500 percent, 
largely because of uncertainties concerning 
cloud properties. Clouds play a rather 
complex and poorly understood role in 
greenhouse warming. On the one hand, at 
very low altitudes they tend to cool the at¬ 
mosphere by reflecting radiation back into 
space. At the same time, higher-altitude 
clouds add heat to the atmosphere by ab¬ 
sorbing thermal energy emitted by the 
earth’s surface. 

According to Michael D. King, the EOS 
senior project scientist at NASA, this 
cooling, or albedo, effect of clouds is large. It 
may be seven times ±e warming effect ex¬ 
pected from atmospheric carbon dioxide 
when its concentration rises to double the 
level prevailing in preindustrial times. 

Clouds are also precursors of precipi¬ 
tation, which for many researchers is ac¬ 
tually the main concern. “Clearly, the thing 
that is most worrisome about climate 


change is whether there are going to be 
large-scale changes in precipitation pat¬ 
terns,” explained Jeff Dozier, professor of 
geography at the University of California in 
Santa Barbara and King’s predecessor as 
EOS project scientist at NASA. Fur¬ 
thermore, clouds, water vapor, and precipi¬ 
tation are “±e part of ±e earth’s system 
whose response to increasing carbon 
dioxide is highly uncertain and very im¬ 
portant,” he added. 

From a preindustrial level of 270 parts 
per million, atmospheric carbon dioxide has 
risen to about 350 ppm and should reach 
540 ppm by the middle of the next century, 
many experts believe. So one of ±e 
chores routinely imposed on super¬ 
computer models is determining the 
effects of carbon dioxide concen¬ 
trations twice as high as those of prein¬ 
dustrial times. Most of these models 
predict global mean temperature in¬ 
creases as high as 3-5 °C, with steeper 
rises in the polar regions (other 
theories predict significantly smaller 
global rises). But “where they disagree 
with each other is over the precipi¬ 
tation changes,” said Dozier. 

The source of much of the precipi¬ 
tation over the continents appears to be 
evaporation from the continents them¬ 
selves, he explained, whereas the prevailing 
view 20 years ago was that most of it, even 
in the interiors of continents, was evapo¬ 
ration from the oceans. Consequently, 
Dozier said, “if you warm things up you’re 
likely to dry out the continents, especially 
in the interiors”—and, possibly, start a 
downward spiral; less rain means less water 
to evaporate, meaning less rain, and so on. 

Reflecting the primacy of these hydro- 
logical concerns, an impressive number and 
variety of sensors are being developed to 
estimate precipitation, water vapor, the 
water content of clouds, and temperature. 
Among the most interesting and useful of 
these are a new class of infrared and mi¬ 
crowave sensors launched recently or 
planned for launch in the mid-1990s. Most 
exploit quirks of the earth’s troposphere 
(the lowest part of the atmosphere, ex- 









tending from the earth’s surface out to 
about 11-16 km). 

SYMBIOTIC SENSORS. Infrared and microwave 
remote sensing is actually a form of spec¬ 
troscopy. Certain bands of radiation interact 
with various atmospheric molecules in a 
complex way. The molecules both emit and 
absorb the radiation, some bands more 
strongly than others. Thus receivers sensitive 
to these microwave bands register the at¬ 
mospheric deeps from above or below and, 
with the earth’s surface and the cold vacuum 
of space compensated for, pile up a wealth of 
information about thdr chemistry and physics. 

Together, passive infrared and microwave 
sensors can measure the temperature and 
humidity profiles of the atmosphere and ±e 
concentrations of a host of trace gases. 
Infrared sensors, for example, are used to 
measure much the same quantities as their 
microwave counterparts, but their spatial 
resolution is typically better. According to 
Joel Susskind, chief of the Satellite Data 
Utilization Office at Goddard’s Laboratory 
for Atmospheres, current infrared tem¬ 
perature sounders can take profiles with at 
least twice the vertical resolution in the tro¬ 
posphere as that of microwave soimders, 
whose resolution is typically on the order of 
6-8 km. 

The microwave systems, however, have 
the great advantage of penetrating clouds 
and precipitation, which absorb infrared. 
This property, exploited in a combined 
microwave-infrared system, allows re¬ 
searchers to take into account the effects 
of clouds on infrared observations, and so 
to make effective use of the higher-reso¬ 
lution infrared in up to 70 percent cloud 
cover, according to Susskind. Thus mi¬ 
crowave and infrared sensors must be 
combined for all-weather, high-resolution 
sounding and monitoring. 

EMER6ING TECHNOLOGIES. Both infrared and 
microwave systems are benefiting greatly 
from emerging technologies. The Atmo¬ 
spheric Infra Red Sounder, a high-spectral- 
resolution unit to be launched in 2000 on a 
versatile satellite called EOS PM, will have 
advanced Stirling-cycle mechanical coolers. 
'The satellite’s infrared sensors will be based 
on mercury cadmium telluride detectors. 


which must be chilled at least to liquid ni¬ 
trogen temperatures for optimal signal-to- 
noise ratios. At least one scientific platform, 
±e Upper Atmosphere Research Satellite, 
already has the coolers, but otherwise they 
have been used almost exclusively in clas¬ 
sified intelligence or military satellites. 

Cutting-edge technologies are also trans¬ 
forming microwave remote sensing. For 
monitoring climate, the main molecules of 
interest are traditionally those of water and 
oxygen, and the most important microwave 
bands are at about 22 and 60 GHz. More re¬ 
cently, however, higher frequencies, above 
100 GHz, have been used to spot trace mol¬ 
ecules at stratospheric altitudes. This 
technique, called limb sounding, is important 
for ongoing efforts to monitor the deterio¬ 
ration of the earth’s ozone layer. “This is a 
really important area with a lot of future,’’ 
said Michael A. Janssen, manager of the 
space physics and astrophysics section of 
the earth and space sciences division at Jet 
Propulsion Laboratory, in Pasadena, CA. 
SENSING WATER. Almost all the atmosphere’s 
components—other than water—-are trans¬ 
parent to microwaves at about 22 GHz. So 
for a sensor looking down from orbit, all re¬ 
ceived energy in this band can be attributed 
to ei±er water or the ear±’s surface. The 
surface and the liquid water in clouds can be 
characterized by other frequency bands and 
factored out (a much easier proposition if 
the background is the relatively homo¬ 
geneous ocean surface). What is left is water 
vapor. In principle, the liquid water can also 
be estimated with an accuracy that depends 
on how well certain properties of the clouds 
and precipitation are known or can be in¬ 
ferred. 

As the frequencies are shifted still higher, 
above 30 GHz, ±e wavelengths begin to 
match the diameters of falling raindrops. 
The received signal scatters with a strong 
and predictable dependence on frequency, 
from which precipitation rates, if not 
extreme, can be roughly estimated [see 
photo, p. 26]. The technique does not work 
well with snow or hail. 

Rounding out the sensors on a well- 
equipped microwave radiometer platform 
would be an instrument designed to make 


vertical profiles of temperature. Such an in¬ 
strument, or sounder, would use frequencies 
around 60 GHz, the so-called oxygen band. 
This is the frequency at which emissions 
from oxygen are most pronounced. In 
effect, the instrument measures the thermal 
emissions of atmospheric oxygen, and ex¬ 
trapolates from this information the 
average atmospheric temperature over 
some depth of atmosphere, perhaps half a 
dozen kilometers. 

At about 60 GHz, the emissions from 
oxygen are so strong that the atmosphere is 
opaque after perhaps a few hundred meters. 
But as the frequency is reduced toward, say, 
50 GHz, the range of received emissions is 
extended. A sounding, or depth profile, of 
temperature is achieved by making succes¬ 
sively lengthy readings, each time factoring 
out the effects of nearer emissions. 

U.S. satellite radiometers embodying one 
or more of the above principles include 
NASA’s Nimbus satellites of the 1970s, 
some of NOAA’s Tiros satellites, and the 
Defense Meteorological Support Program 
orbiters, most of which were launched in 
the 1980s (another is to be lofted in three 
years). 

In fact, among the clear success stories in 
climate research of satellites originally de¬ 
signed for weather or environmental 
purposes are NOAA’s Polar-Orbiting 
Operational Environmental Satellites. Their 
Microwave Sounding Unit has “proven to be 
a precise monitor of tropospheric tem¬ 
perature variations,” according to Ohring of 
NOAA’s National Environmental Satellite, 
Data, and Information Service. One of the 
unit’s four microwave channels, at 53.74 
GHz, provides surprisingly accurate tem¬ 
perature measurements of an important 
part of the atmosphere. 

By taking many measurements as they 
orbit each day, these sensors have been sup¬ 
plying global average temperatures for 
much of the troposphere. Although the data 
go back only to 1979, in those 14 years the 
sensors have recorded perturbations to 
global temperatures caused by volcanic 
eruptions and other phenomena. “The im¬ 
portant thing, I believe, is the fact that [the 
sensor] meets the requirement of mea- 
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One of the most dramatic scientific discoveries of recent years was 
the annual depletion of ozone in a vast area of the upper atmosphere 
over the Antarctic. Last October this “hole" grew to almost the size of 
the North American continent. Shortly before this peak, the ozone 


above about 12 km [right] was plotted with the Microwave Limb 
Sounder, aboard the Upper Atmosphere Research Satellite. Chlorine 
monoxide, a key indicator of ozone depletion, was also mapped [left]; 
the image shows the gas about 20 km above the earth. 


suring the small temperature trends asso¬ 
ciated with greenhouse warming,” Ohring 
said. 

OUT ON A LIMB. One of the most exciting ap¬ 
plications of microwave radiometry, in 
Janssen’s view, is the now-emerging science 
of limb sounding. This is also a passive 
technique, but instead of looking vertically 
through the atmosphere, the sensors are di¬ 
rected along a tangent, or “limb” in as¬ 
tronomers’ parlance. The long line of sight 
through the atmosphere is needed to detect 
the faint emissions of sparsely distributed 
molecules in the stratosphere. TOe technique 
uses frequencies above 100 GHz to monitor 
the complex, ever-shifting chemistry of the 
stratosphere. 

Limb sounding’s newfound practicality is 
linked to several recent technological ad¬ 
vances, including the increasing availability 
of planar diodes and compact, rugged, inte¬ 
grated electronics capable of reaching 
microwave frequencies and above. The 
technique is a timely tool for an alarming 
problem: monitoring the decay of the 
earth’s ozone layer, the 
delicate stratum at about 
30 km that protects all 
living things from the 
sun’s fiercely carcino¬ 
genic ultraviolet radia¬ 
tion. 

“One could not have 
written a science fiction 
story more dramatic 
than the discovery of the 
ozone hole,” said Joe W. 
Waters, senior research 
scientist at Jet Propul¬ 
sion Laboratory. Each 
year, the concentration 
of ozone in the upper at¬ 
mosphere over a vast 



area above the Antarctic falls to discon¬ 
certingly low values. This ozone hole typ¬ 
ically appears in early September and peaks 
in October; last year it grew to 23 million 
square kilometers, almost the size of the 
North American continent. It is caused by a 
series of complex chemical reactions, the 
main cause of which is chlorine in various 
forms. 

Mostly from chlorofluorocarbons, “We’ve 
pumped six times the amount of chlorine 
into the stratosphere that’s naturally there,” 
Waters said. “Even if we stop now, it will 
take several centuries for the chlorine in 
the stratosphere to decay hack to natural 
levels.” 

Apparently, more ozone is being de¬ 
stroyed than was thought, and the effects 
are showing up over Antarctica because the 
dynamics of the stratosphere do not replace 
it as quickly there, according to the 
University of California’s Dozier. The seri¬ 
ousness of the situation was underscored by 
reports last April that ozone levels over the 
Northern Hemisphere were at their lowest 
levels in 14 years—10-20 percent below 
normal in the middle latitudes. 

Such observations have made monitoring 
global stratospheric ozone a top priority. At 
present, researchers have at their disposal 
two operational limb sounders. One is 
aboard NASA’s Upper Atmosphere Re¬ 
search Satellite (UARS), which was 
launched in September 1991. It was de¬ 
veloped by Waters and others at the Jet 
Propulsion Laboratory (JPL), and has a 183- 
GHz radiometer built by the Rutherford 
Appleton Laboratory, Didcot, Oxfordshire, 
UK. The other operational limb sounder is 
the Millimeter-Wave Atmospheric Sounder, 
built by a German-led consortium. It has 
flown on two space shuttle missions, the 
latest one earlier this year. 


Of the hundreds of molecules of interest 
in the chemistry of the upper atmosphere, 
current microwave technologies permit 
monitoring of about 25, according to Waters. 
Fortuitously, this group includes ozone, 
chlorine monoxide, and stratospheric water 
vapor, which have spectral lines at 206,204, 
and 183 GHz, respectively. Of these three 
molecules, the most important for assessing 
ozone depletion by chlorine is chlorine 
monoxide, according to Waters. “Chlorine 
monoxide, in particular, is a direct measure 
of how fast ozone is being destroyed,” he ex¬ 
plained. The rate of ozone destruction is 
proportional to the square of the concen¬ 
tration of chlorine monoxide. 

Using data from the UARS, Waters and 
colleagues at JPL have plotted striking color 
images of the annual sprawl of chlorine 
monoxide and the attendant obliteration of 
ozone over both polar regions [photos 
above]. They also have begun developing a 
much more sophisticated limb-sounding in¬ 
strument, a linchpin of the chemistry 
mission of NASA’s Earth Observing 
System. This instrument, to be launched 
with the chemistry satellite in 2002, will 
have sensors for frequencies ranging from 
200 GHz to 2.5 terahertz; the latter is the 
approximate location of the best emission 
lines for the hydroxyl radical, OH. This 
radical is another key player in the complex 
chemistry of ozone destruction. 

The instrument will he built with inte¬ 
grated microwave electronics and planar 
diodes, which far outdo the temperamental, 
hard-to-fabricate whisker-contacted diodes 
that have been used to date. ‘We’re in the 
golden age of this now,” said Waters. “We’ve 
learned so much from the UARS exper¬ 
iments and we’re just starting to tap the 
surface of what can be done with this 
technique.” 
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Microwaves are only the latest form of 
radiation to be used for detecting ozone 
concentrations. For years, researchers have 
used the Total Ozone Mapping Spectro¬ 
meter, on NASA’s Nimbus-7 satellite, and 
the Solar Backscatter Ultraviolet Radio¬ 
meter, on NOAA’s Polar-Orbiting Opera¬ 
tional Environmental Satellites, to measure 
the ozone in vertical columns in the 
stratosphere. The atmosphere backscatters 
ultraviolet radiation into space, while atmos¬ 
pheric ozone absorbs the radiation, so mea¬ 
surements of backscattered UV are a good 
indication of ozone content. 

DEEP BLUE SEE. Optical (visible-spectrum) 
sensors are also often combined with other 
types. In climatic and environmental re¬ 
search they are perhaps most valuable for 
estimating ocean productivity by sensing the 
color imparted to the water by microor¬ 
ganisms, an application known as ocean 
color. Standing in the way, literally, of the 
most accurate color readings is the entire 
atmosphere, if the readings are being made 
from a satellite. So near-infrared and other 
channels, where the ocean has no re¬ 
flectance, are used to compensate for at¬ 
mospheric effects on ocean color. 

These readings are used to infer the 
density of phytoplankton in the water; ba¬ 
sically, a greener color means more phyto¬ 
plankton. This density in turn indicates pro¬ 
ductivity, the rate at which the minute 
plants are photosynthesizing. Productivity, 
finally, points to where carbon dioxide in the 
atmosphere goes, specifically, how much of 
it is used by the oceans. 

The first ocean-color sensor was the 
Coastal Zone Color Scanner, which was 
launched on the Nimbus-7 platform in 1978 
and operated until 1986. Another ocean- 
color sensor, the Sea-Viewing Wide Field 
Sensor (SeaWiFS), is now scheduled for 
launch some time in the first half of next 
year. Orbiting on SeaStar, a private-venture 
satellite, it will make highly precise visual 
and near-infrared observations around the 
globe. A similar instrument is planned for 
the EOS-Color mission in 1998. 

Of great interest now to ocean-color spe¬ 
cialists is whether the ultraviolet radiation 
shining through the Antarctic ozone hole is 
harming phytoplankton populations there, 
and the preliminary answer is yes. During 
an October 1990 cruise in the Antarctic 
Bellinghausen Sea, researchers measured 
photosynthesis and other indicators of phy¬ 
toplankton production and found “a 
minimum 6 to 12 percent reduction in 
primary production associated with O3 de¬ 
pletion.” The team was led by researchers 
from the University of California’s Marine 
Bio-Optics and Computer Systems 
Laboratory and from the Center for 
Remote Sensing and Environmental Optics, 
all in Santa Barbara. 

Ocean color is just one of many tech¬ 
niques used to monitor the oceans’ health, 
temperature, turbidity, circulation, and in¬ 
teractions with the atmosphere. These 


concerns are considered of such importance 
in understanding climate change tot they 
are spread among the first, second, and 
fourth groups of scientific priorities iden¬ 
tified by U.S. government researchers. 

Why are these concerns so important? 
“The oceans are the place where we store 
heat,” said Dozier. “In climate systems, the 
ocean is the flywheel. The key to under¬ 
standing long-term climate changes has to 
lie in understanding the circulation of the 
oceans.” Ocean-circulation patterns, 
however, are rather complex phenomena. 
They are influenced by many factors, in¬ 
cluding changes in river runoff and rainfall 
patterns, which alter salinity and therefore 
seawater density. 

L’ENFANT TERRIBLE. One example of the 
strong link between ocean circulation and 
climate is El Nino, the eastward movement 
of excessively warm water across the Pacif¬ 
ic. In effect, El Nino is a period during which 
the prevailing Pacific currents and trade 
winds weaken or even reverse direction, 
causing meteorological havoc throughout a 
vast area stretching from east Africa to the 
western Americas. Droughts in Australia 
and Indonesia, interrupted monsoons in 
India and Africa, and storms in normally 
placid regions of Micronesia and the west¬ 
ern American coasts have all been blamed 
on El Nino. Recent floods in California, for 
example, are believed to be the result of an 
El Nino tot had seemed over when it inex¬ 
plicably revived in November 1992. 

“There are correlations between ocean 
temperatures in the western Pacific and 
rainfall in western North America,” Dozier 
said. “We don’t understand the mechanisms, 
but, statistically, we certainly see the in¬ 
fluence is there.” 

NOAA’s Polar-Orbiting Operational 
Environmental Satellites have b^n used for 
years to infer circulation from the satellites’ 
measurements of sea-surface temperatures. 
More recently, satellite radar altimetry has 
been used to produce quite precise maps of 
circulation patterns. 

The U.S.-French Ocean Topography 
Experiment, also known as TopexyToseidon, 
was launched in August 1992 by the Paris- 
based Centre National d’Etudes Spatiales 
aboard an Ariane vehicle. The satellite has a 
U.S.-built altimeter capable of measuring, to 
an accuracy of 10 cm, average ocean heights 
over tens of thousands of square kilometers. 
By comparing the average heights of ad¬ 
jacent regions, the direction of flow between 
them can be determined 

Another chapter in international remote 
sensing will be written with the launch in 
1996 of the first phase of the Advanced 
Earth Observing System (Adeos). This 
mission, the mainstay of the Japanese con¬ 
tribution to the international climate moni¬ 
toring effort, will have a 14-GHz microwave 
system called Nscat (NASA Scatterometer). 
Nscat’s measurements of the speed and di¬ 
rection of the winds over the surface of the 
global oceans, coupled vtfth radar altimetry I 


measurements of the roughness of the 
surfaces (from Topex/Poseidon or EOS al¬ 
timetry, for example), will give indications 
of all sorts of exchanges between sky and 
sea. The most important of these transfers, 
as far as climate models are concerned, are 
those of momentum, mass, heat, water, and 
various gases, like carbon dioxide. 

CASTING A PALL. Another big piece of the 
climate puzzle concerns aerosols, which are 
minute solid particles, sometimes covered by 
a liquid film, finely dispersed in the atmo¬ 
sphere. Their origin is sometimes natural, 
sometimes not. Although not nearly as pro¬ 
ductive as a giant volcanic eruption, the main 
man-made sources of aerosols are fossil fuel 
combustion and so-called biomass burning, 
the routine combustion of plant matter 
when forests are cleared for agriculture or 
construction. Biomass burning occurs most¬ 
ly in South America, Africa, and Indonesia. 

The two chief goals of aerosol research 
were spelled out for Spectrum by Brent 
Holben, an aerosols expert in the Biosphere 
Sciences branch at Goddard Space Flight 
Center. One is to determine the effects of 
aerosols on solar radiance—how they 
scatter and absorb the sun’s rays, and so on. 
The second goal is better characterization 
of the aerosols’ optical effects, so tot they 
may be factored out of the views obtained 
from satellites of underlying vegetation. 

It is now believed tot during the burning 
season, aerosols cause a 5-12 percent re¬ 
duction in the solar radiation that reaches 
the earth’s surface, Holben said. None¬ 
theless, “it’s not clear whether they’re 
heating the atmosphere or cooling it,” he 
added. Like clouds, aerosols reflect solar ra¬ 
diation back to space, but they also absorb a 
lot of it, thereby warming the atmosphere 
but cooling the earth’s surface. Thus ±e 
effect of aerosols on climate is significant; 
after all, as one researcher put it, climate is 
“the long-term average of the processes by 
which the planet redistributes solar energy 
before re-emitting it to space.” 

The effects of aerosols have been thrust 
very much into the mainstream of climato¬ 
logical research, thanks to a pair of vol¬ 
canoes named Pinatubo and El Chichon. 
The eruptions of the two, in the Philippines 
in 1991 and in Mexico in 1982, respectively, 
may have tossed enough sulfur into the at¬ 
mosphere to partly obscure global warming 
trends, according to some researchers. 
Aerosols linked to the mammoth explosion 
of Pinatubo alone may have lowered the 
average global temperature by half a 
degree. 

“There is conjecture that the effects of 
these eruptions, plus biomass burning, may 
be producing a screen of aerosols causing a 
cooling influence tot may be offsetting the 
warming trend,” said John A. Reagan, a 
remote sensing expert and professor at the 
University of Arizona in Tucson. “There’s a 
need to make measurements to pin this 
down. All the data simply are not there to 
prove it.” The fear is of a shift in the 
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balance, as when the aerosols settle out of 
the atmosphere, suddenly changing average 
temperatures. 

Detection of aerosols is fairly straight¬ 
forward. Basically, the orbiting sensors are 
aimed at a large lake, ocean, or some other 
dark background on the earth’s surface. 
Brightening of the image is attributed to 
sunlight reflecting off aerosols, clouds, and 
other atmospheric components. The pro¬ 
portion of aerosols is estimated from the 
use of various infrared or visible-spectrum 
bands, which are scattered in a known, char¬ 


acteristic manner by the relatively large 
aerosol particles. 

The main instruments used to date for 
aerosol studies are NOAA’s Advanced Very 
High Resolution Radiometers, which have 
been flying on the agency’s Polar-Orbiting 
Operational Environmental Satellites since 
1979. The AVHRR, as it is known, has three 
infrared and two solar-reflective sensors. 

After years as something of a bit player 
in climatology, aerosol research appears 
headed for star billing in the EOS program. 
Monitoring of aerosols will be accomplished 


by no fewer than four major sensors: the 
Moderate-Resolution Imaging Spectro- 
radiometer and the Multi-Angle Imaging 
Spectroradiometer, both on EOS-AM; the 
Earth Observing Scanning Polarimeter on 
EOS-AM2; and the Stratospheric Aerosol 
and Gas Experiment IB, on both EOS-Aero 
and EOS-Chem. 

This last sensor, which employs an 
unusual and very direct mode of remote 
sensing, is an improvement on one that has 
flown on the Earth Radiation Budget 
SatelUte, launched from the space shuttle 


An abridged guide to ciimatic remote sensing 

In operation _ 


Sensor 

Satellite(s), first launch 

Builder (overseer) 

Spectral bands 

Monitoring uses 

Advanced Very High 
Resolution Radiometer 

Polar-Orbiting Operational 
Environmental Satellites, 
1978 

ITT (National Oceanic and , 
Atmospheric 

Administration, NOAA) 

Visible, infrared 

Aerosol concentrations, sea- 
surface temperature, clouds, 
snow cover, vegetation index 

Tiros Operational Vertical 
Sounder (TOVS) 

in (NOAA) 

Infrared 

Cloud water and vapor, tem¬ 
perature profiles 

TOVS Microwave 

Sounding Unit 

Aerojet Electronic Systems 
Division (NOAA) 

Microwave 

Precise tropospheric temperature 
: measurements' 

Solar Backscatter 

Ultraviolet Radiometer 

Polar-Orbiting Operational 
Env. Satellites, 1985 

Ball Corp.’s Aerospace 
Systems Group (NOAA) 

Ultraviolet 

I Ozone concentrations 

Synthetic Aperture Radar 

European Remote-Sensing 
Satellite-1,1991 

Marconi (European Space 
Agency) 

k/licrowave 

Land/sea ice, vegetation, clear- 
; cutting and boreal forest fires 

Microwave Limb Sounder 

Upper Atmosphere 

Research Satellite, 1991 

Jet Propulsion Laboratory, 
JPL (NASA) 

Microwave 

Concentrations of ozone and other 
trace gases in the stratosphere 
and upper troposphere’ 

Altimeter 

Topex/Poseidon, 1992 

JPL and Centre National 
d’Etudes Spatiales 

Microwave 

Sea-surface height 


Coming shortly 


Sea-Viewing Wide Field 
Sensor 

SeaStar, 1994; (possibly 
EOS-Color, 1998) 

Hughes Santa Barbara 
Research Center (Orbital 
Sciences Corp.) 

Visible, near-infrared 

Ocean productivity, physics, and 
chemistty 

Synthetic Aperture Radar 

Radarsat,1995 

Spar Space Systems 
(Canadian Space Agency) 

Microwave 

Land/sea ice. vegetation, clear- 
cutting and boreal forest fires 

Precipitation Radar 

Tropical Rainfall 

Measuring Mission, 1997 

Japan’s National Space 
Development Agency and 
Communications Research 
Laboratory 

Microwave 

Precipitation intensities (rain rate) 

Measurement of Pollution 

in the Troposphere' 

EOS-AM, 1998 

COM DEV Ltd. (Canadian 

Space Agency) 

Infrared, microwave 

Concentrations of methane, verti¬ 
cal profiles of CO concentration 

‘ Advanced Spaceborne 
Thermal Emission and 
Reflection Radiometer 

NEC (Ministry of 
International Trade and 
Industry, Japan) 

Visible and near-infrared, . 
shortwave, and thermal in- ! 
frared 

Surface temperature, spectral 
emissivity 

Multi-Angle Imaging 
Spectroradiometer 

JPL 

Visible, near-infrared 

Aerosol concentrations, slash-&- 
burn agriculture, desertification 

l\/loderate-Resolution 

Imaging 

Spectroradiometer 

EOS-AM, 1998; 

EOS-PM, 2000 

Hughes Santa Barbara 
Research Center (NASA) 

Visible, infrared 

Surface temperature, ocean color, 

vegetation and snow cover, cloud 
cover and properties, aerosols, 
fires, precipitable water 

Atmospheric infra Red 

Sounder 

EOS-PM, 2000 

Loral, JPL (NASA) 

Infrared 

Temperature and humidity “ 

profiles, surface temperature, ra¬ 
diance, cloud properties 

Multifrequency Imaging 
Microwave Radiometer 

Alenia, Italy (European 

Space Agency) ■ 

Microwave 

Precipitation, cloud water and 
vapor, sea conditions, surface ice 

Stratospheric Aerosol and 

Gas Experiment III 

EOS-Aero, 2000; 

EOS-Cbem, 2002 

Ball Aerospace (NASA) 

"Visible, infrared 

Trace gas and aerosol concentra¬ 
tions in the mesosphere, stratos¬ 
phere, and upper troposphere' 

Microwave Limb Sounder 

EOS-Chem, 2002 

JPL (NASA) 

Microwave 

Chemistry of the stratosphere and 

upper troposphere’ 


Source: 1993 EOS Reference Handbook and Space-Based Global Change Observation System Program Plan, both from NASA Earth Science Support Office; interviews 
a Atmospheric layers extending through the lowest 11-16 km (troposphere), from the troposphere to 45-50 km (stratosphere), and from the stratosphere to 85-90 km (mesosphere). 
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Microwave sensors can now be used to distinguish among water 
vapor, liquid water in clouds, and even rainfall to some extent. This 
composite image shows the average distributions of water vapor and 
rainfall in August 1988. Sensed over the oceans with a resolution of 
50 km, the water vapor varies from about 1 ginf [dark blue] to more 


than 5 gf:m^ [lighter blue]. The rainfall [yellow] was detected over 
land and ocean at a resolution of about 15 km. The image was made 
by comparing and contrasting data gathered with receivers sensitive 
to 19, 22, 37, and 85 GHz, and orbited under the Defense 
Meteorological Satellite Program. 


Challenger in 1984. While the sun is high 
above the horizon, the sensor scans across 
it. Then, as the sun sets or rises, the sensor 
scans the glowing disk through the at¬ 
mosphere, extracting from the image 
aerosol properties and trace gas concen¬ 
trations, but only in the stratosphere and 
upper troposphere. The sensor will see 15 
sunsets and sunrises a day, each in a slightly 
different place. It will also look at the moon- 
rises and moonsets for much the same in¬ 
formation. 

MYSTERIOUS METHANE. Aerosols are far from 
the only big puzzle in climate research. One 
of the most important and least understood 
issues in climate change is the chemistry of 
the troposphere, the part of the atmosphere 
extending from the earth’s surface to ±e 
stratosphere. “The chemistry of the tropho- 
sphere is much harder to measure from 
space than that of the stratosphere, because 
of the clouds and water vapor,” according to 
Dozier. Of particular interest are the 
greenhouse gases, such as methane and the 
various carbon-based gases, and the ex¬ 
change of the latter between the atmo¬ 
sphere and jungles, forests, and other ter¬ 
restrial gas-sinks. 

Methane is an uncommon mystery. Its 
concentrations are a minuscule fraction of 
those of carbon dioxide. Nonetheless, of the 
3-5 °C temperature rise possible by the 
middle of the next century, methane could 
account for one full degree, vs. one and a 
half for carbon dioxide and one for water 
vapor. The main reason is that methane 
soaks up infrared—volume for volume, 
about 20 times more than carbon dioxide. 

Methane concentrations are also in¬ 
creasing at a mystifyingly rapid rate: 1 per¬ 
cent annually—twice that of carbon dioxide. 
Scientists are at a loss to explain the trend, 
since the main sources of methane—^rice 


paddies, wetlands, much-discussed bovine 
flatulence—cannot account for it. A con¬ 
sensus is growing that the sinks for the gas 
must somehow be failing, but the theory is 
hard to prove because scientists do not 
know exactly what the sinks are. “It may be 
the OH radical,” said Dozier. “But there are 
all sorts of other things that can take up the 
OH radical, like carbon monoxide.” 

At present, satellites with instruments 
that can shed light on such perplexities are 
practically nonexistent. Between 1998 and 
2002, however, a host of EOS satellites will 
be launched with instruments useful for 
these very questions. This august group of 
orbiters will include Adeos, EOS-Chem, 
EOS-Aero, EOS-AM, and the European 
POEM-Envisat. 

SATELLITE OF ALL TRADES. The first and most 
versatile of the EOS platforms will be the 
EOS-AM series, which will be among the 
most ambitious remote-sensing satellites 
ever built. With an initial launch scheduled 
for the second quarter of 1998, EOS-AM will 
carry six types of advanced sensors, each 
with a five-year lifetime. There will be three 
separately launched platforms in the series, 
with a cumulative expected life of 15 years. 
The centerpiece sensor will be the Mod¬ 
erate-Resolution Imaging Spectroradiome- 
ter (Modis), which is being developed for 
NASA at a cost of about $135 million by 
Hughes Corp.’s Santa Barbara Research 
Center, in Goleta, CA. 

The 0.4-m^ 250-kg Modis instrument wall 
have 36 thermal infrared and solar-re¬ 
flective channels for collecting data on 
surface temperature; ocean color; vege¬ 
tation, snow, and cloud cover; cloud and 
aerosol properties; fires; and global distri¬ 
bution of precipitable water. This one in¬ 
strument generate about 600 billion bits 
per day. Modis will also fly on the slightly 


less far-reaching EOS-PM series of 
satellites. 

For tropospheric chemistry, EOS-AM will 
carry a sensor called Mopitt (Measurement 
of Pollution in the Troposphere), which is 
being built in Canada under the supervision 
of the Canadian Space Agency. The sensor 
will monitor thermal and reflected solar 
channels to determine the vertical profile of 
carbon monoxide, as well as the total 
abundance of methane in a vertical column. 
In the second and third phases of the EOS- 
AM series, Mopitt will be joined by the 
Tropospheric Emission Spectrometer. It will 
monitor a wider range of frequencies to 
detect more molecules, including nitrogen 
oxides, ozone, water vapor, and sulfur 
dioxide. 

Also of note on the AM platform is the 
Advanced Spacebome Thermal Emission 
and Reflection Radiometer, being built 
under the aegis of the Japanese Ministry of 
International Trade and Industry. Aster will 
monitor much the same biological and 
physical processes as Modis, but with much 
greater spatial resolution (15-90 meters as 
opposed to 250-1000 meters). This kind of 
resolution comes at a price, namely, nar¬ 
rower swath and data rates of 200-300 
Mb/s. So the sensor will be operated much 
more sparingly than Modis. According to 
William L. Barnes of Goddard’s Laboratory 
for Hydrospheric Processes, it will be used 
primarily for select targets of interest— 
forest fires or floods, for example. 

ACTIVE SENSING. Although virtually all envi¬ 
ronmental remote sensing has been done 
with passive sensors, active instruments are 
starting to make their mark. “We started out 
with passive visible and infrared, and ex¬ 
panded into passive microwave, which is still 
being developed,” said Ohring, of NOAA’s 
National Environmental Satellite Data and 
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Information Service. “And we’re headed 
toward active systems.” 

Several active instruments are already in 
orbit; one example is the altimeter on the 
Topex/Poseidon, which measures sea- 
surface height. An emerging crop of radar 
and lidar Qight detection and ranging) in¬ 
struments will take this trend a step further, 
providing invaluable data on ice at sea and 
on land, oceanographic phenomena, coastal 
erosion, vegetative cover, geological 
features, cloud content and physics, trace 
gases, aerosol concentrations, wind fields, 
and barometric pressure. 

The advantages of ±ese active sensors 
include the fact that the emitted signal is 
well known, and can therefore be precisely 
compared with the return signals to extract 
subtle phenomena. The quality of the signal 
can also be monitored at its source, and the 
emissions can be tailored to achieve specific 
goals. Challenges include generating the 
power needed to transmit signals from the 
satellite, where power is always at a 
premium. Other concerns include durability 
and, for lidar, the stability of the laser’s 
spectral frequency. 

At present, there are two satellites, the 
European Remote-Sensing Satellite (ERS- 
1) and Japan’s Earth Resources Satellite 
(JERS-1), equipped with synthetic-aperture 
radar (SAR), which exploits the motion of 
the platform to make high-resolution radar 
images of scenes on the ground. This type 
of radar illuminates the same scene with a 
large number of pulses as it passes over, ex¬ 
tracting the data to reconstruct the surface 
from the time-of-flight and the Doppler- 
shifted frequency of the return signals. 

So far, synthetic-aperture radar has been 
used mainly to monitor the type, condition, 
and velocity of the great ice sheets and of 
the sea ice on the polar oceans. “Those 
account for, probably, the use of at 
least half of the SAR data now being 
generated,” said Frank Carsey, a re¬ 
searcher at Jet Propulsion Laboratory. 

He explained that the link to climate 
research is the heavy dependence of 
polar-ocean heat loss on ice cover, 
specifically, how ice deforms as the 
wind blows it around the polar seas 
and from the polar oceans to more 
temperate ones. Ice deformation 
exposes stretches of water to the 
frigid polar air. Intensive ice growth in 
these open water areas injects brine 


clouds, which hinder optical or infrared 
methods. 

The next milestone in synthetic-aperture 
radar sensing will be the 1995 launch of 
Radarsat, being built by Spar Space 
Systems, near Montreal. Radarsat will view 
a 500-km swa±—five times the width of 
the ERS-l’s swath. Such a feature will let 
researchers monitor rather than merely 
sample various phenomena. Radarsat will 
also do the first mapping of the Antarctic 

ILLUMINATING INSTRUMENT. Lidar is another 
active instrument with a bright future, as far 
as some researchers are concerned. As a 
remote-sensing technology, hdar certainly 
promises extraordinary versatility: it may be 
used to make images of clouds to show their 
extent and patterns; reveal cloud contents 
and optical properties: measure aerosols, 
pollutants, and trace gases like ozone; do 
temperature and water-vapor soundings; 
and monitor wind fields and pressure. 

So far, however, this active instrument has 
been used in a limited number of experiments 
conducted from the ground or an aircraft, al¬ 
though a lidar experiment is scheduled to fly 
on the space shuttle next year. Shuttle as¬ 
tronauts hope to employ a lidar system to 
measure atmospheric aerosol concentrations, 
temperature, pressure, and cloud heights. 

Several lidars were recently used to 
make some remarkable discoveries about 
cirrus clouds, those wispy thin, fast-moving, 
and diffuse denizens of the high troposphere 
[see photo, pp. 20-21]. At these lofty 
heights, cirrus clouds, popularly known as 
mares’ tails, tend to consist mostly of ice 
crystals, and therefore play a complex role 
in the planet’s radiation budget. Ice can be 
highly reflective, rejecting heat into space. 
But it can also intercept the earth’s own in¬ 
frared emissions, and any phase changes— 


Even with no more 
chlorine emissions, it 
will take atmospheric 
concentrations centuries 
to return to normal 


larized rays without changing their polar¬ 
ization, whereas ice crystals change the ori¬ 
entation of the polarization. 

Late in 1991, Kenneth Sassen and col¬ 
leagues at the university’s department of 
meteorology used a polarimetric lidar to 
analyze cirrus clouds over Kansas. They 
found not only ice crystals but, surprisingly, 
also liquid water drops in clouds at temper¬ 
atures as low as -48.7 °C. Sassen theorizes 
that stratospheric aerosols from the erup¬ 
tion of Mount Pinatubo mixed with the 
cirrus clouds in the troposphere, creating 
particles that dissolved in the water 
droplets, inhibiting freezing. 

“Here is, in fact, a connection, we think, 
between volcanism and cloud composition,” 
said Ronald C. Taylor, program director of 
physical meteorology at the NSF. “A few 
water drops at these heights could change 
the radiation budget of a whole layer of air. 
This is an immensely important tool for 
helping to define the problem.” 

A LUNGER VIEW. Despite such encouraging 
advances, researchers caution that many un¬ 
knowns remain—far too many to be ad¬ 
dressed by EOS and its international af¬ 
filiates during their decade-and-a-half 
collaboration. 0±er than estimations from 
satellites, for example, actual rainfall over 
oceans is not measured in any regular way. 
Nor is there any reliable technique at 
present, or even plans afoot, for monitoring 
soil moisture, an extremely important para¬ 
meter for understanding the effects on agri¬ 
culture of other changes, and the earth’s 
vitally important hydrological cycle in 
general. 

“EOS is only a 15-year program designed 
to make many measurements in an in¬ 
tensive effort to understand the earth,” said 
NOAA’s Ohring. “But for long-term moni¬ 
toring, you need continuous measurements 
over decades, with high accuracy for 
both response and forcing variables. 
That’s a challenge.” 

Forcing variables, also known as 
forcing factors, are the external drivers 
of climate change. Some examples are 
volcanic activity, irregularities in solar 
radiation, greenhouse gas emission, 
and biomass burning. 

“I think a point could be made that 
we do not yet have, and will not have 
even with EOS, the system in space for 
monitoring long-term global change. 
By long term, I mean a decade-to-a- 


into the upper ocean, changing the density | when the ice crystals melt or sublimate, for i century time scale.” 


of the water and hence the polar circulation example—could seriously upset the r 


patterns. 


As a step toward this goal, longer satellite 


diation budget, changing the reflectivity and lifetimes would be a helpful start. “With the 


Other developing uses for the radars absorbing or releasing heat, 
include monitoring clear-cutting of tropical 


ically, and so often that over a few decades return signal can be analyzed, letting r 
aU of them have burned at least once. An searchers estimate the proportions of water I 
edge the radars have in monit 
estation is their ability to s 


lifetimes of satellites at three to five years. 
With funding from the National Science it would be nice if one could develop 

and mid-latitude forests, as well as the | Foundation (NSF) and the Department of satellites and instruments that have 

burning-rate of more northern boreal Energy, researchers at the University of lifetimes of 20 years, with communications, 

forests, which are largely coniferous. Utah in Salt Lake City have built a lidar power, all the things that support the 

Portions of these forests catch fire sporad- system in which the polarization of the system in space, with 20-year lifetimes,” 

Ohring observed. As a goal for the future, 
we must lengthen the lifetimes, so we don’t 
edge the radars have in monitoring defor- and ice in clouds. Since they are spheres, have to worry about so many discontinuities 
through I tiny droplets of water tend to scatter po- I in the record.” ♦ 
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SPECIAL REPORT: ENVIRONMENT, PART 2 


Dealing with the data deluge 



A record torrent of data has 
to be made readily accessible 
to a growing international 
community of global-change 
researchers a^policy makers 

y the year 2000, satellites 
deployed by the National 
Aeronautics and Space Ad¬ 
ministration will be trans¬ 
mitting 1 terabyte of data 
to earth every day. If stored 
on magnetic tape, this daily 
deluge would require a 
stack of reels as high as the 169-meter 
Washington monument in the U.S. capital. 
Clearly, traditional methods of collecting and 
managing data and information might well 
be overwhelmed by this enormous quantity 
of remotely sensed data and information 
about the earth and its oceans and atmo¬ 
sphere. 

So the space agency, wdth the help of 
other organizations, is developing the most 
ambitious data and information system ever 
built. Besides the sheer volume of data it 
will handle, it will have to deal with complex 
and diverse data and the different demands 
and work styles of the scientists who will 
use its resources. 

The need for continuous compre¬ 
hensive observations of the planet is 
urgent. With their aid, a better under¬ 
standing can be achieved of the poten¬ 
tially hazardous impact of human ac¬ 
tivities on the environment. 

But when the data are so complex 
and voluminous and require com¬ 
plicated algorithms for processing and 
visualization, important phenomena de¬ 
scribed by them may be overlooked or 
get lost. A good example is the delayed 
discovery of the ozone hole over 
Antarctica. The hole was spotted by 


national and international scientific commu¬ 
nities. Mission to Planet Earth is the contri¬ 
bution to this program made by the National 
Aeronautics and Space Administration 
(NASA). It includes ongoing, near-future, 
and longer-term satellite sensor missions; 
the management and analysis of remotely 
sensed and in situ data; and the adminis¬ 
tration of a basic research program on 
global changes. 

The Earth Observing System (EOS), the 
centerpiece of the Mission to Planet Earth, 
will be a series of polar-orbiting satellites 
making extended observations of the earth 
and its environment. (The first few earth 
science satellites were launched recently, 
but the EOS satellites themselves are 
awaiting launch in the 1998-2010 time 
frame.) Finally, the Earth Observing System 
Data and Information System (Eosdis) will 
manage the mountains of EOS and earth- 
science satellite data and will also handle the 
harvesting and sharing of information, the 
dissemination of ideas, and the estab¬ 
lishment of a community of collaborators 
that will be professionally close-knit but ge¬ 
ographically dispersed Wh in the United 
States and elsewhere. 

Eosdis’ primary mission is to provide the 
global-change research community with 
quick and easy access to the data. In ad¬ 
dition to earth science data from EOS 
spacecraft, Eosdis will include data from 


NASA, helped by other 
agencies, is building the 
most ambitious data 
and information 
system ever 


sets relevant to global-change research have 
been, and are being, adapted for inclusion in 
eight Distributed Active Archive Centers 
(DAACs) throughout the United States [see 
map, opposite], as well as in non- 
NASA-funded data centers that will be ac¬ 
cessible to Eosdis users. 

In the last three months of 1992, the 
DAACs were already filling over 1300 
orders for data. Approximately 60 000 addi¬ 
tional orders for data were filled by the U.S. 
Geological Survey’s Global Land Informa¬ 
tion System. 

One of the eight DAACs, at the Goddard 
Space Flight Center, Greenbelt, MD, will 
build on the scientific expertise and institu¬ 
tional heritage of NASA’s Climate Data 
System, which was located there. That 
climate system was an integrated one sup¬ 
porting atmospheric, ocean, and earth 
science researchers by allowing them to in¬ 
teractively locate, access, manipulate, and 
display climate-related data. It also provided 
access to catalogs of data descriptions and 
an inventory of temporal and volume infor¬ 
mation. After many years of development, 
±e data and functional capabilities of this 
system are being passed on to the Goddard 
DAAC. 

Besides using data sets from the eight 
data centers and data systems already in ex¬ 
istence, Eosdis will help in identifying and 
generating Pathfinder data sets. Created 
from satellite data intended primarily 
for meteorological and environmental 
purposes, many of these sets have 
been designed to support global- 
change research. Among the satellites 
contributing to these Pathfinder data 
sets are the National Oceanic and 
Atmospheric Administration’s Ad¬ 
vanced Very-High Resolution Radio¬ 
meter, Landsat Multispectral Scanner, 
and Thematic Mapper. 

How far along is Eosdis itself? 
Although the full-capacity Version 2 is 
scheduled for 1998, an initial Version 0 


British researchers in 1985 through direct i other NASA earth science missions, as well i has been under construction since 1991 by 

measurement, even though the information as from non-NASA and cooperative inter- the Earth Science Data and Information 

to establish its existence had been in data I national missions. It is intended to process. System Project Office at NASA’s Goddard 

stored in the United States for years. | archive, manage, and distribute the data, and Space Flight Center and the Distributed 

In 1990, therefore, the U.S. government even provide for command and control of Active Archive Centers and is now being 


took its first step toward a better grasp of EOS spacecraft and instruments. 


the issues involved in global change and es¬ 
tablished the US. Global Change Research 


Nahum D. Gershon and C. Grant Miller 
The Mitre Corp. 


I evaluated. 

This working prototype’s operating el- 


IN THE BEGINNING. Though the goals for 

Eosdis’ size and capabilities will be revolu- I ements will be officially released to \ 
Program, whose job it is to work with the | tionary, its development are to be evolu- 1994. It will continue the existing services 
tionary. The focus will be on ensuring that of the various data centers while improving 
existing and emerging key data sets are pre- access to data. Version 0 will prototype the 
served and made readily accessible. Data I integration of services across these centers 
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Eosdis Distributed Active Archive Centers 



[1] The eight Distributed Active Archive 
Centers that are part of the Earth Observing 
System Data and Information System 
(Eosdis) are scattered all over the United 
States, to take advantage of the local earth 
science expertise and institutional heritage. 
The end-user access to these disparate 
centers is facilitated by the pioneering Eosdis 
Version 0 system and various communi¬ 
cation networks. Ciesin is an additional 
data center, providing socioeconomic data 

to provide users with a unified earth sci¬ 
ences view. Many of these features were 
suggested by the future users of the data 
and information system, who have been inti¬ 
mately involved from the very beginning 
with the development of all stages of 
Version 0. 

Under this version, a single user interface 
lets researchers search for data across all 
the DAACs. Furthermore, Version 0 will 
employ graphics to provide a simple, ef¬ 
fective means of obtaining information 
about the data sets [see photograph, over¬ 
leaf]. Scientists will be able to search for 
data by geographic area and time period, as 
well as by such characteristics as data 
source or geophysical parameters. 

In addition, users may browse through 
samples of the data displayed on the 
computer screen. The prototype system 
also offers “one-stop shopping”: once the 
user has determined what data are of in¬ 


terest, he or she may use this interface to 
request data from all centers without having 
to access multiple systems. 

MASTER DIRECTORY. A number of useful 
features have been designed or are planned 
to guide users through the thickets of data 
and on-line information sources. One, a pio¬ 
neering system developed by NASA and 
called the Global Change Master Directory, 
helps users locate data sets of interest 
among the massive and diverse earth 
science data sets. It is supporting Version 0 
and will support succeeding Eosdis versions. 

The main purpose of the Global Change 
Master Directory is to provide a brief sur¬ 
vey of NASA and important non-NASA data 
and on-line information systems dealing with 
space and earth science, so that users may 
quickly determine what data and informa¬ 
tion sets would best suit a given task. 

The Global Change Master Directory in¬ 
cludes brief descriptions of the contents of 
data and information sets, as well as location 
and points of contact for off-line ordering, 
plus possible quality assessments and 
relevant publications. The directory often 
connects automatically to on-line infor¬ 
mation S5rstems where more details about 
data sets of interest may be obtained. Often, 
the user may directly access or order the 
data through these on-line systems. 

EOSDIS: THE FDTURE. Currently, the builders 
of Eosdis are adding capabilities to Version 
0 and developing Version 1, to guarantee the 


quality and range of services vital to the first 
EOS flight. As it evolves through subsequent 
versions, Eosdis will need to facilitate the ac¬ 
quisition, processing, archiving, manage¬ 
ment, and distribution of the large volumes 
of data from the growing fleet of EOS in¬ 
struments. During the next 20 years, Eosdis 
is expected to handle data from all NASA 
earth science satellites. 

For EOS satellites, Eosdis will also 
convert raw data into standard data prod¬ 
ucts. Remotely sensed measurements (of, 
say, the amount of thermal radiation emitted 
by the ocean surface) will be transformed 
into physical quantities readily usable by re¬ 
searchers (sea-surface temperature, in this 
case). 

Eosdis will also assist in command and 
control of the satellites and their in¬ 
struments: it will make orbit and attitude 
adjustments, and direct and schedule the op¬ 
eration of instruments. For non-NASA 
satellites, Eosdis will enable access to some 
of ±e archives and distribution systems of 
the responsible agencies, such as the 
National Oceanic and Atmospheric 
Administration (NOAA). 

The jobs of generating standard data 
products and archiving, distributing, and 
managing all earth science data will be per¬ 
formed by the DAACs. These centers will 
continue to serve traditional researchers 
whose needs are confined to specific para¬ 
meters (trace gas concentrations in the 
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I [2] The right half of an interactive 
I screen from the Eosdis Version 0 
I shows a low-resolution version of 
^the original SSMA antenna tem- 
^perature data. The new version 
I occupies much less volume and 
I thus could be transmitted rela- 
pively quickly. Nevertheless, it 
® could assist the user in selecting 
the required data for his or her re¬ 
search. For example, those who 
need data on the Chesapeake Bay 
on the US. East Coast would not 
order the full-resolution data cor¬ 
responding to this image. The 
data for this image are archived at 
NASA’s George C. Marshall 
Space Flight Center in Alabama. 
[The black areas in this image 
represent areas where data were 
not collected.] 


struments. Researchers are developing the 
algorithms and parameters of the data 
products that will be stored by Eosdis and 
made available to all researchers. Users also 
have been intimately involved, through an in¬ 
vestigator advisory panel, in guiding system 
development and operation. 

This broad user-community involvement 


A new era in international 


is reflected in the diversity of support that 
Eosdis will offer. For environmental re¬ 
searchers, who will be the primary user 
community. Science Computing Facilities 
will support computational requirements 
and the user interface. Funding for the 
communications and computational equip¬ 
ment that is required (the latter ranging 


stratosphere, for example), as well as re¬ 
searchers whose needs cut across discipline 
boundaries, combining oceanographic and 
atmospheric information, say. 

Eosdis is being built with a distributed, 
open-system architecture. Thus Eosdis el¬ 
ements are sited at various locations, to 
better utilize different institutions’ capa¬ 
bilities and scientific expertise. This ap¬ 
proach also builds on existing system capa¬ 
bilities, spreads technical risk in developing 
the system, and helps avoid a single point of 
failure. Although Eosdis is physically dis¬ 
tributed, it will appear as a single logical 
entity to the user [Fig. 31. 

Two levels of electronic networks will 
connect the primary Eosdis components, 
distributed systems, and end users. Internal 
networks will use NASA’s own communi¬ 
cation resources for secure, reliable inter¬ 
connection of the Eosdis elements. Such in¬ 
terconnection is required for the seamless 
functioning demanded by the command and 
control of spacecraft, and for a uniform user 
view of the system. External networks will 
support end-user access to the system. For 
these, NASA is employing existing re¬ 
sources to ±e extent possible, including re¬ 
sources of the NASA Science Internet and 
its connections to the National Science 
Foundation Internet, and the planned 
National Research and Education Network 
(now under development). 

USER INVOLVEMENT. Future users of Eosdis 
have been involved in several aspects of its 
development. At the outset of the project, 
the data and information needs of global- 
change researchers were identified by an in¬ 
vestigatory working group. These needs 
were then used to develop the designs and 
data-production systems of the EOS in- 


One of the challenges of international cooperation 
on data and intormation systems is the need to 
bridge not only different technical approaches, but 
also different styles of user queries based on dis¬ 
parate cultures and backgrounds. However, there 
are some promising new beginnings. 

The U.S. Global Change Data and Information 
System (GCDIS) is expected to be part of a truly in¬ 
ternational global change data and information sys¬ 
tem. The international Committee on Earth Observ¬ 
ing Satellites (CEOS) and its working group on data 
coordinate the cooperation of different international 
partners. And several subgroups provide forums for 
technical coordination and the development of 
specific abilities, including catalog, tormat, net¬ 
works, and data access. 

Some significant achievements of these sub¬ 
groups are adoption ot the Global Change Master 
Directory [see text, p. 32] as the international di¬ 
rectory standard, and network experiments among 
the United States, Europe, Japan, and other areas to 
test connectivity and interoperability tor catalog and 
data transfer functions. A format subgroup is 
holding continuing discussions toward developing 
standard data formats for science discipline data 
products. The U.S. agency participants in the CEOS 
committees provide coordination, continuity, and 
consistency with the U.S. GCDIS program. 

On the horizon is CEOS’s Catalog Interoperability 


Experiment, or Cintex, an experimental prototype 
designed to promote international cooperation. It 
will provide access to international partner earth- 
observing data and information systems from a 
single interface installed on a desktop workstation. 
Cintex participants are NASA, the European Space 
Agency, the United Kingdom’s Defence Research 
Agency, and the German Research Institute for Air 
and Space. Currently, Cintex is developing an in¬ 
terface between Eosdis Version 0 and a system 
called the User Interface Terminal of the European 
Space Agency. 

One flexible graphical user interface enables the 
User Interface Terminal to provide easy access 
to multiple earth observation information and 
data-order services. To search for the availability 
of data sets, users can choose the required time 
domain by interacting graphically with a calendar 
time line, and then select the required spatial region 
by using a map and drawing a polygon around 
the area ot interest. These interactions are per¬ 
formed with the aid of an intuitive point-and-click 
interface. In addition, the user can define other 
criteria by choosing, for example, keywords. The 
results ot the search are readily visualized, and 
though the data sets that can currently be accessed 
using this terminal are limited, the number is ex¬ 
pected to increase, 

—N.G. andG.M. 
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EOS Data and Information System architecture 



[ 3 ] The evolving Eosdis architecture has 
many components distributed throughout the 
United States and connected by internal and 
external communications networks. The ar¬ 
chitecture supports, for example, connectivity 
to affiliated data centers and international 
resources, command and control of space¬ 
craft and instruments, generation of data 
products, and data archiving and retrieval. 

from workstations to supercomputers) will 
come from a variety of sources located both 
within and outside NASA. 


The Earth Observing System Data and 
Information System is planning to provide 
software packages for accessing Eosdis. 
These software toolkits will let researchers 
access Eosdis services from readily af¬ 
fordable personal computers. Of course, this 
type of terminal will not be able to match 
the speed and sophistication of more 
powerful workstations, but it will help make 
the basic services available to the widest 
possible group of users—even those who 
possess only a PC and a modem. 

Eosdis has also had the benefit of ex¬ 


tensive review from a wide range of com¬ 
mittees, including the National Academy of 
Sciences, the Office of Technology 
Assessment, and the General Accounting 
Office. Efforts to address these recommen¬ 
dations have considerably strengthened 
Eosdis development. 

PUTTING IT TOGETHER. A sigi^icant technical 
challenge facing Eosdis designers is knitting 
together the many disparate databases of 
use to global-change researchers. NASA, 
NOAA, the U.S. Geological Survey, the De¬ 
partment of Energy, and other U.S. govern- 
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Pushing the state of the art even further 

As if dealing with massive amounts of data and information were 
not enough, both earth science data and the query style of re¬ 
searchers are complex. 

Tools that address these difficulties are being built by Sequoia 
2000, Digital Equipment Corp.’s “flagship” external project in¬ 
volving computer scientists and earth scientists at five campuses 
of the University of California. Hardware and software are being de¬ 
signed and developed to handle huge quantities of data, large 
objects, distributed archives, and diverse data types—including 
satellite images, output from global circulation models, river basins 
and networks, hydrological and meteorological stations, and texts 
and programs. 

Sequoia 2000 will allow an advanced query style that supports 
questions researchers often ask, such as “Find ultraviolet solar ir- 
radiance at ocean surface under Ozone Hole in an ice-free area on 
Oct. 30,1992." It will also support integrated and intelligent visu¬ 
alization and analysis tools, as well as rapid browsing over 
networks through remote, distributed storage. 

Another project concerned with some of these issues is being 
carried out at The Mitre Corp., McLean, VA. This undertaking is 
constructing advanced query capabilities, including geographic ref¬ 
erencing such as “give me all the data points in a data set that were 
collected over Eastern Europe or within 80 km of the coast of 
Australia." This project and Sequoia 2000 are also investigating the 
integration of data management across a database management 
system and archival storage. 

The area of data management paradigms is undergoing an active 
surge of development. Traditional database management systems 
are based on the assumption that the data could be organized easily 
in a tabular form. This poses difficulties in dealing with complex 
scientific data. To facilitate the handling of these data, new par¬ 
adigms are being developed and applied. A considerable number 
of groups, including one in NASA's Goddard Space Flight Center, 
are experimenting with the application of object-oriented methods 
to scientific data management. This technology is relatively new, 
however, and awaits an industrial-strength implementation. 

The visualization of data and information is of crucial importance 
to the user interfacing with these data and information systems. 
New and effective methods for visualization of environmental data 
are being developed around the world, for example, at the IBM 
Watson Research Center, Jet Propulsion Laboratory, and The Mitre 
Corp. 

In addition, pioneering work in extracting information from data 
and visualizing it has been done at Xerox Palo Alto Research 
Center. In this work, hierarchical information is animated and rep¬ 
resented in three dimensions. —N.G. and G.M. 


ment agencies currently support a 
broad assortment of data and infor¬ 
mation resources related to global- 
change research. Even in cases 
where these resources are available 
for research, they are generally 
managed for their own agency’s 
specific objectives. In addition, these 
data can be used to create an in¬ 
valuable baseline against which global 
climate change may be measured. 

The goal of the Global Change 
Data and Information System (Gcdis) 
is to coordinate the activities of these 
and other agencies participating in 
the U.S. Global Change Research 
Program, so that global-change data 
and information, including those 
outside Eosdis, can be easily ac¬ 
cessed and used. This system will 
exploit the diverse and distributed 
resources and missions of these 
agencies by connecting their data 
and information holdings to one 
another and to the user community. 

The result will be an integrate^ 
comprehensive view of these col¬ 
lective holdings, supporting policies, 
and services. 

Gcdis will provide access to inter¬ 
national data and information 
holders, providers, and users. Initially, 
this access will be provided by the 
World Data Center systems (spon¬ 
sored by the International Council of 
Scientific Unions). This system is 
responsible for the archive and ex¬ 
change of important environmental 
data and information among aU na¬ 
tions. Currently, a number of agency 
data centers participate in this 
system for a broad range of global- 
change data and information. 

The scope of data and information 
being considered for the Gcdis in¬ 
cludes the earth science data hold¬ 
ings of the agencies (in situ and re¬ 
motely sensed data), selected output 
from global-change models, and so¬ 
cioeconomic data (population, 
economic systems, and political 
systems and institutions )—all necessary for 
the study of the human dimensions of global 
change. 

One of the sources for the Gcdis, and 
the one with the longest temporal span, 
is NOAA’s National Climatic Data Center, 
which has observations on the weather 
dating back over a hundred years. Its 
mission is to manage global and environ¬ 
mental data supporting global-change re¬ 
search, as well as state and regional climate 
centers and commercial clients. Current 
holdings amount to approximately 140 ter¬ 
abytes, most of which is satellite imagery. 
NOAA expects its next-generation weather 
radar system to yield 80-90 terabytes of 
data per year, and its future geostation¬ 
ary and polar satellites to generate data 
even faster. 


Federal agencies will coordinate the pro¬ 
cedures for searching data and handling 
orders for data products. They will also help 
make data and information on global change 
available in forms compatible with users’ 
needs. Other services provided by this coop¬ 
erative action include user interface, infor¬ 
mation about the data (catalogs, for exam¬ 
ple), and the ability to browse through the 
data, as well as documentation and archival 
standards. 

The Global Change Master Directory has 
been adopted as an integral component of 
Gcdis Though the majority of system users 
are expected to be global-change research¬ 
ers, there will also be other researchers, 
policy makers, educators, researchers in 
private industry, and private citizens. 

Understanding the causes and magnitude 


of global change calls for collecting 
and managing unprecedented vol¬ 
umes of data and information. But 
dealing with this quantity and the 
complexity will boost the state of the 
art in information technology and its 
applications. 

Before achieving the stated goals 
of the international global-change re¬ 
search agenda, however, break¬ 
throughs must be realized in facili¬ 
tating user access to data (cataloging 
and browsing), storing and retrieving 
data, and coordinating the developer 
and user communities. Eosdis must 
evolve to accommodate new tech¬ 
nologies as they become available. 
Success will also require high levels 
of interagency and international co¬ 
operation. 

If successfuL the payoffs of this high- 
profile, large-scale effort could be ex¬ 
ceptional, and not just for the vital 
global-change research. Advances in 
data and information management 
needed for this research could benefit 
other areas as well, including the 
Human Genome Project, the Human 
Brain Project, radiology, and dis¬ 
tributed medical collaboration (tele¬ 
medicine), to name just a few. 4 
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SPECIAL REPORT: ENVIRONMENT, PART 3 


Modeling the world’s climate 


Global warming and the 
hole in the ozone layer are 
among the problems 
tackled by simulations 
on supercomputers 


w 


ill global warming turn 
green fields into desert, 
tundras into fertile farm¬ 
land? Will the hole in the 
atmosphere’s ozone layer 
repair itself after chloroflu¬ 
orocarbon emissions have 
ended? Will a volcanic erup¬ 
tion in Mexico stunt crop growth in Canada? 

These are among the questions that 
climate modelers try to answer. They use 
numerical simulations to project variations 
in climate for one year, or a decade, or 
several hundred years. The calculations are 
complex and require massive computing 
power to address—even today’s supercom¬ 
puters, capable of billions of floating-point 
operations per second, leave researchers 
frustrated at the crudity of their tools. 

At the core of today’s simulations of 
future climates are the General Circu¬ 
lation Models (GCMs) in use at labora¬ 
tories around the world [Fig. 1]. Each 
model divides the atmosphere into 
layers and the earth into a grid along 
lines of latitude and longitude. For each 
three-dimensional grid cell, or grid 
point, a handful of equations must be 
solved, then solved again at regular, 
prescribed intervals, or time steps. 
Forcing factors, meaning external in¬ 
formation such as the amount of solar 
radiation, the amounts of greenhouse 
gases like carbon dioxide, or the po¬ 
sition of the earth, are used as inputs. 
From these basic models have evolved 
many GCMs that also predict changes in the 
chemical composition of the atmosphere, in 
the characteristics of the oceans and sea ice, 
and in other features of the earth. 

A typical GCM today uses some 50 000 
lines of Fortran code. Its grid cells are 454 
degrees latitude and 754 degrees longitude 
(450 by 750 km), with time steps of 30 
minutes. The atmospheric layers reach 30 
km into the stratosphere and number at 
least 10, varying in depth from several 
meters to several kilometers. (By contrast. 
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mesoscale modeling, which includes 
weather forecasting, requires much greater 
resolutions—lO-by-10- to 50-by-50-km 
boxes—and therefore is performed on a re¬ 
gional basis.) 

For a GCM, approximately 150 000 
equations must be solved for each time step, 
requiring the equivalent of 10 hours of pro¬ 
cessing by a sin^e Cray Y-MP processor for 
every year of climate simulated. A hundred- 
year simulation—not uncommon for a study 
of global warming—^thus takes 1000 Cray Y- 
MP hours. 

The time intervals needed to make the 
model work accurately must be shortened 
as resolution is increased. Researchers 
would like to shrink the grid spacing since, 
at 500 km, the Rocky Mountains are barely 
distinguisbable from the Sierras; but com¬ 
puting requirements are prohibitive. 

“If you are going to look at how global 
warming will affect the Great Basin Butter¬ 
flies [in the Western United States],’’ said 
Stephen Schneider, a climate modeler and 
biology professor at Stanford University in 
Palo Alto, CA, it would require a minimum 
of 50-by-50-km resolution and 20 at¬ 
mosphere layers stretching 50 km high, and 
‘Would take two years of Cray Y-MP time 


No one knows if ‘the leap 
to parallel processing 
is into a cold muddy 
hole or a wonderful 
new body of water’ 


to simulate one year of climate. We are not 
going to get there any time soon.” 

FIRST FORECAST. Climate modeling has had a 
long gestation, as has its sister science, nu¬ 
merical forecasting of the weather in terms 
of temperatures, winds, and precipitation. 
Most of the basic formulae derive from 
Newton’s laws, and a simple climate model 
can be created from just a few equations: the 
second law of motion; conservation of mass; 
the first law of thermodynamics; a state 
equation relating the pressure, density, and 
temperature of the atmosphere; a state 
equation relating the temperature, density, 
and salinity of the oceans; and an equation 


for the conservation of mass of water. 

These equations were first used to model 
the atmosphere in the 1920s by a British sci¬ 
entist, Lewis F. Richardson. He took a set of 
difference equations—approximations of 
the differential equations representing 
aspects of atmospheric change—and de¬ 
veloped “computing forms” to solve them 
for different locations on the globe. His 
intent was predicting weather. He envi¬ 
sioned a large amphitheater representing 
the world, locations around the hall repre¬ 
senting different geographic regions, indi¬ 
viduals at each location busily performing 
calculations, and messengers running 
between them. 

Richardson never built his amphitheater, 
but he did attempt a numerical forecast by 
solving bis equations by hand. Unfortunately, 
the results were gibberish, due, say re¬ 
searchers today, to a simple error—the 
choice of a time step out of proportion to 
the size of his grid boxes, so that a nu¬ 
merical instability “blew up” the calculations. 
ENTER COMPUTERS. A sort of “computing am¬ 
phitheater” came into existence in the 1950s, 
with the birth of the Eniac at Princeton 
University in New Jersey. A weather simu¬ 
lation was one of the first major problems 
run on this early computer, and ever 
since then climate and weather 
modeling have been among the first 
applications transported to the “super¬ 
computer” of each era. 

The complexity and power of 
weather models grew in step with the 
available computing. A primitive 
climate model was developed in 1956. 
Norman Phillips, then a researcher at 
the Institute for Advanced Study, in 
Princeton, NJ, produced a simulation 
with a simple temperature pattern 
that, when computed out several 
months, generated “storms” and other 
weather phenomena. 

In the early 1960s, the first full-scale 
GCMs were developed. One came under the 
National Oceanic and Atmospheric 
Administration (NOAA), at its Geoph5^ical 
Fluid Dynamics Laboratory at Princeton 
University. Others were at the University of 
California in Los Angeles and at the 
National Center for Atmospheric Research 
(NCAR) in Boulder, CO [Fig. 2]. 

Today, there are well over two dozen of 
these general circulation models in the 
world, including those at the European 
Centre for Medium Range Weather 
Forecasts in Reading, England, at Meteo- 
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France in Toulouse, at the Commonwealth 
Scientific and Industrial Research 
Organization near Canberra, Australia, and 
at the Canadian Climate Center in 
Downsview, ON. An estimated 1000 re¬ 
searchers spend their days modeling various 
aspects of climate. 

The early climate models ran on IBM 
punched-card computers. It took about one 
day of computing to simulate one day of at¬ 
mospheric activity at a resolution of approx¬ 
imately 5 by 5 degrees with a few vertical 
levels. At the Boulder research center, 
CDC 6600s sped up the simulations to one 
hour per day and allowed more complexity; 
the CDC 7600 in 1972 managed 12 minutes 
per day. Other centers followed similar 
upgrade paths. 

In the mid-1970s, the Cray 1, the first 
vector supercomputer, made calculations 
four times as fast as the 7600 and, because 
of its vector-processing capability, speeded 
up the existing GCMs to about 2 minutes 
per day simulated. This led to a change in 
the way these weather models were used. 

Until the advent of the Cray 1, the models 
at the Boulder center and elsewhere had 
been run in what was called “perpetual 
January” mode. To keep the models from 
becoming too complex and increasing com¬ 
puting time, the January values for the 
earth’s position in relation to the sun, the 
oceans’ temperatures, soil moisture, ozone 
levels, carbon dioxide levels, and other 
factors were entered as constants, and the 
only variations were from one January to 
the next. With the Cray 1, and a speed of 2 
minutes per day of activity at the existing 
GCM resolution, researchers finally could 
flee the depths of winter and look at year- 
round climate. 

Robert Chervin, a research scientist in 
the Boulder center’s climate and global dy¬ 


namics division, was one of the first to break 
out of January mode. “The first experiment 
I attempted was a 20-year integration, 
which took over 200 hours of machine time, 
and because of computer allocation issues 
and hardware problems, it took eight 
calendar months to complete,” he said. “The 
good news was that it was faster than real 
time, the bad news was that I aged consid¬ 
erably in the process.” 

Chervin said it was this experience, as 
well as the need to model the oceans, refine 
model resolution, and do other necessary 
tasks, that in the early 1980s drew him into 
the nascent field of parallel supercomputers. 
“I have devoted a fair amount of time to 
figuring out how to do these computations 
in parallel in order to reduce the mean time 
to publication,” he told IEEE Spectrum. ‘Tm 
insane enough to tackle these big problems, 
but I’d like to get them over with as fast as 
possible.” 

PARALLEL PROMISE. The workhorse com¬ 
puters of today’s climate modelers are the 
eight-processor Cray Y-MP, which has a 
peak speed of 2.6 gigaflops and runs at ap¬ 
proximately 1 gigaflops when calculating 
climate models, and the 16-processor C90, 
which can nm climate models about five 
times faster. Their speeds have taken 
modelers far. At the NOAA lab in Princeton, 
for example, a coupled atmosphere/ocean/ 
sea ice model is being run with 400- 
kilometer-square resolution (typical by 
today’s standards, though still coarse), 9 
layers in the atmosphere, and 12 layers in 
the ocean, and takes 12.6 processor hours 
per year, said laboratory director Jerry 
Mahlman. So far, it has been run to 500 
years in a number of experiments. 

But the gains in speed of individual vector 
processors have begun to plateau, and 
climate modelers are hoping advances in 


Defining terms 

External forcing factor: a circumstance that alters, 
but is not itself altered by, the state of the climate; 
examples are solar radiation and the carbon dioxide 
emitted by burning fossil fuels. 

General Circulation Model (GCM): a method of 
modeling the earth’s climate based on a set of fun¬ 
damental equations, including the second law of 
motion; the law of conservation of mass; the first 
law of thermodynamics; a state equation relating the 
pressure, density, and temperature of the at¬ 
mosphere; another relating the temperature, density, 
and salinity of the oceans; and a moisture equation. 
The method involves dividing the atmosphere up 
into a series of three-dimensional boxes, and then 
solving these equations for each box. 

Grid cell or grid point: interchangeable terms for 
the basic unit of a GCM. A typical grid cell Is de¬ 
lineated by so many degrees latitude and longitude 
and from several meters to kilometers in height. A 
grid point represents the average for each cell. 
Massivoly parallol supercomputer: a computer ar¬ 
chitecture in which multiple linked processors act 


on a problem simultaneously. Such systems today 
may have as many as 1000 processors. 

Numerical forecasting: a method of predicting 
climate or weather by solving a set of basic 
equations. One type of climate forecast relies on the 
GCM [see above]. Numerical weather forecasts ex¬ 
trapolate from an initial slate and try to track its evo¬ 
lution in detail. They typically cover smaller regions 
at higher resolutions. 

Paramotorlzatlon (or parametric representation); 
the derivation of weather or climatic phenomena 
that are smaller than a model’s scale of resolution 
(cell size) from phenomena that are resolved by the 
model. For example, cloudiness can be derived 
from grid-cell averaged values of temperature, 
winds, and humidity, and that derivation used to 
adjust atmospheric temperature. 

Time step: in numerical forecasts, the preset in¬ 
terval at which the set of calculations for each grid 
cell is performed—30 minutes for a typical General 
Circulation Model. As grid resolution increases, the 
time steps must decrease proportionally, or an in¬ 
stability in the calculations will occur and cause 
errors. 


massively parallel architectures will yield the 
computing power they need to reduce the 
wall-clock time (as opposed to processor 
time) it takes to run climate models. They 
then could make their models more complex 
and more accurate. They have some doubts, 
however. Said Stanford’s Schneider: “The 
jury is still out as to whether the leap to 
parallel processing is into a cold muddy hole 
or a wonderful new body of water.” 

“People who are trying to get realistic 
models working on such computers are 
finding enormous frustrations,” said Warren 
Washington, director of the Boulder center’s 
climate and global dynamics division and a 
member of President Bill Clinton’s tran¬ 
sition team. “We can do it, we have demon¬ 
strated it, but it doesn’t give the hoped-for 
speed-up.” He indicated that researchers 
continue to hope that a maturing technology 
and better operating systems and tools will 
significantly increase computing speed. 

At the Lawrence Livermore National 
Laboratory in Livermore, CA, physicist 
William Dannevik said, “Our focus now is 
getting our global model to run on massively 
parallel computers. I think there is a virtual 
certainty that this will have a big impact,” 
even though today, he said, the 16-processor 
Cray C90 is still beating the best massively 
parallel machines. 

“This is a risky business,” Michael 
Schlesinger, professor of meteorology at the 
University of Illinois in Urbana-Champaign, 
told Spectrum. “It was easy to move to sub¬ 
sequent generations of Crays, but there is 
more than one massively parallel archi¬ 
tecture, and it could turn out that the time 
we invest in moving to one machine is 
wasted if the next generation is not com¬ 
patible.” 

So far no one has worked much on mas¬ 
sively parallel systems, and only a few 
models have been ported to them. June de¬ 
livery dates were scheduled for the Boulder 
center to receive its Thinking Machines 
CMS and for NOAA to receive an Intel 
Paragon. The porting effort is not trivial; 
each model takes several person-years to 
recode for each parallel architecture, and 
researchers, typically working in small 
groups, are reluctant to invest the time 
when the fruits are uncertain. 

NOAA’s Princeton laboratory is de¬ 
veloping modular forms for simpler parallel 
coding of its atmospheric and ocean models 
on a 1000-node CMS at Los Alamos. Re¬ 
searchers at the Livermore lab are also in 
the process of writing a model with portable 
source code. Others at the University of 
Illinois are currently converting their (^M 
to a 512-node CMS. 

At the Boulder center. Bill Buzbee, di¬ 
rector of its scientific computing division, 
said that he expected it would require two 
person-years to convert the center’s 
general circulation model to the organi¬ 
zation’s new CMS. The same model is being 
converted to the Intel Paragon. 

Several government-sponsored initiatives 


34 


IEEE SPECTRUM JULY 1993 













[11 General Circulation 
Models (GCMs) track a 
number of the com¬ 
ponents of climate. The 
image at left, generated 
from a GCM, shows 
cloudiness and sea level 
pressure. Those below 
show four possible reso¬ 
lutions for GCMs: the 
8 -degree (latitude and 
longitude) grid [top left! 
is used for climate re¬ 
search; the 4-degree grid 
[top right!, for experi¬ 
mental weather fore¬ 
casting; the 3-degree 
grid [bottom left], for 
US. weather forecasts; 
and the 1-degree grid, 
comparable to that used 
for European forecasts. 




support moving climate models to more ad¬ 
vanced computing platforms. The High 
Performance Computing and Communi¬ 
cation (HPCC) initiative aims to “accelerate 
the development of a thousand-fold im¬ 
provement in useful computing capability 
and a hundredfold improvement in available 
communication by and... enhance the 
range of scientific and engineering disci¬ 
plines that can effectively exploit this com¬ 
putational capacity,” according to a report 
by the Office of Science and Technology 
Policy. Climate modeling is one of the disci¬ 
plines at the top of the initiative’s list. The 
HPCC is funded by a number of agencies, 
including the (formerly Defense) Advanced 
Research Projects Agency, the National 
Science Foundation, the Department of 
Energy, the National Atmospheric and 
Space Administration, the Environmental 
Protection Agency, and NOAA. 

Another program, ±e Computer Hard¬ 
ware, Advanced Mathematics, and Model 
Physics (Chammp) Climate Program, is 
funded by the Department of Energy. Its 
focus is integrating improved modeling 
methods with next-generation high-per¬ 
formance computing systems, which these 
da)^ largely means parallel systems. The 
goal is increased speed and accuracy for 
climate model simulations. 

While increasing parallelism is one step 
toward enhancing climate models, another 
development may have equal potential: the 
proposed electronic superhighway, the high¬ 
speed national data network. Although 
climate researchers today use remote su¬ 
percomputers a fair amount, the effec¬ 
tiveness of this approach is limited by the 
narrowness of the bandwidth of available 
communications and the large storage re¬ 
quirements of climate models. 

“To make valid comparisons between one 
simulation and another, we have to store the 
resulting data in sufficient density in space 
and time,” Buzbee said. His center has 30 
terabytes of data storage. “In addition, you 
need observational data to calibrate the 
models—-we have 3 terabytes to date.” 
Scientists today pull out small segments of 
such data for analysis; with a high-speed na¬ 
tional network they could move the entire 
output of a simulation from place to place, 
for comparison wdth other simulations or 
observations. 

Researchers are also looking into dis¬ 
tributing computation on supercomputers 
linked by a high-speed network. Triis are 
being performed by Cray Y-MPs at the 
Boulder center and at the Ohio Super¬ 
computer Center in Columbus. 

WORKSTATION WONDERS. At almost the other 
end of the computer spectrmn, some re¬ 
searchers are discovering that for certain 
simulations, workstations, preferably multi¬ 
ple workstations, are their best bet. 

Workstations—and even lower-power 
personal computers—have long performed 
one type of climate simulation: the energy 
balance model. With this method, factors 


that affect climate, like the amount of solar 
radiation entering and leaving the at¬ 
mosphere or the carbon dioxide content, are 
aggregated over large areas, like an entire 
latitude, and calculations are made inferen- 
tially. For example, the quantity of heat 
transported by ±e winds is calculated from 
the temperature difference between the 
equator and the pole or between the land 
and the sea. Winds, therefore, are not ex- 
pUcitly computed using vast amounts of 
computing power. 

These simple models can still provide 
useful information, for example, on the in¬ 
creases in the land or ocean surface tem¬ 
peratures over the next 100 years when 


nonfossil and fossil fuels are used. Hundreds 
of thousands of years of simplified climate 
can he simulated without overtaxing 
computer resources. 

At NASA’s Goddard Institute for Space 
Studies in New York City, director James 
Hansen and his colleagues have developed a 
low-resolution GCM—8 degrees latitude by 
10 degrees longitude (approximately 1000- 
kilometer-square boxes) and 9 vertical 
layers ranging in height from about 400 
meters near the ground to several kilo¬ 
meters in the stratosphere. This model runs 
on IBM and Silicon Graphics workstations 
based on reduced-instruction-set com¬ 
puting (RISC). One day of processing yields 
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five years of simulated climate changes. 

Hansen’s group has simplified the model 
even further by using an artificial geography 
that runs three times as fast. Models with 
such coarse resolutions are not designed to 
look at climates in specific regions, but they 
can be run fast and often, and therefore can 
study climatic issues much farther into the 
future than traditional GCMs. The re¬ 
searchers at Goddard have run their models 
out to 3000 years so far. 

Workstations can also study individual 
features of a climate. For example, at 
Harvard University, Cambridge, MA, as¬ 
sociate professor of atmospheric chemistry 
Daniel Jacob is modeling the elimination of 
pollutants by oxidation on RISC work¬ 


stations. Their vendors include IBM, Silicon 
Graphics, and Digital Equipment. When 
Jacob simulates North America at a reso¬ 
lution of 4 degrees latitude by 5 degrees lon¬ 
gitude and 9 atmospheric layers, with local 
subgrids to highlight pollutant plumes, he 
can look at six types of chemical reactions 
over three months of atmosphere in a 
computer run that takes one-half hour. 

Thus, modelers can call on a wide range 
of computing platforms to make a number 
of useful and fairly confident predictions 
about weather and climate. 

WEATHER. Numerical weather forecasting 
differs from climate modeling in that it truly 
seeks to provide deterministic, detailed 
forecasts, as opposed to statistical predic¬ 


tions. It foretells sunshine or rain at a 
specific time and place, not whether the 
chance of an abnormally dry or wet summer 
has increased by 10 or 20 percent. 

To pinpoint thunderstorms, local weather 
forecasting requires models with much 
more detail and higher resolution—grid 
spaces 10 to 20 kilometers square. Lower- 
resolution models can predict winds and 
temperatures, though not precipitation in 
the case of small storms. Because of the 
need for high resolution, weather models 
are run on a regional basis, sometimes with 
small high-resolution areas nested in larger 
lower-resolution ones. A February 1992 sim¬ 
ulation called Stormfest used nested reso¬ 
lutions to test experimental models of the 


Computing resources at the National Center for Atmospheric Research 



a The Cray Y-MP2 is supported by the Model Evaluation Consortium for Climate Assessment (Mecca), 
b Holds 6000 tape cartridges, each holding 200 MB. 
c Holds 100 000 tape cartridges, each holding 400 MB. 

[2] Extensive computing power is required to run today’s General 
Circulation Models. On the ground floor of the National Center for 
Atmospheric Research, in a building that looks like stacks of futuristic 
blocks (and was used as the laboratory building in Woody Allen’s 
1960s movie, Sleeper! is one of the many massive computing facilities 
that tackles climate research. The most recent arrivals: the first 
gallium arsenide-based Cray 3 supercomputer to leave the Cray 
Computer Co.’s laboratories and the Thinking Machines CMS mas¬ 
sively parallel system. 

The second, two-processor Cray Y-MP shown is the only super¬ 
computer in North America totally dedicated to large-scale simu¬ 
lations of climate. It is provided by the Model Evaluation Consortium 
for Climate Assessment (Mecca), sponsored by the Palo Alto, CA, 
Electric Power Research Institute arid a variety of international power 
organizations. Established in 1991 with the goal of assessing the reli- 


Source: Nationai Center for Atmospheric Research, Scientific Computing Divisions 

ability of climate models, Mecca will continue to make the Cray Y-MP 
available to a select group of researchers through the end of this year 
and possibly into 1994, depending on funding. 

The center’s mass storage is substantial. The 1-terabyte robotic li¬ 
brary holds six thousand 200-MB tape cartridges and has 12 read/ 
write stations. Active files are kept here. The larger library, operated 
manually, holds a hundred thousand 400-MB cartridges, andfUes are 
loaded into a bank of readAvrite stations when requested. No backup 
files are kept; instead, the storage systems are carefully controlled. In 
six years of operation, this system has faded to read only seven files. 

The text and graphics output system consists of printers (laser and 
photographic), videotape systems, and, for visualization. Sun Micro¬ 
systems and Silicon Graphics workstations. Each day the system out¬ 
puts approximately 5000 laser pages, 3000frames of 35 mm film, and 
three videotapes, each several minutes long. 
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[3] A February 1992 experiment called Stormfest tested weather models over the central 
United States. The experiment used nested resolutions [bottom, from out to in] of 180 km, 
60 km, and 20 km and tracked various components of the weather. The computer-generated 
image [top] shows winds and temperatures for the innermost resolution. 


weather over the central United States. For 
one month these models made two-day 
forecasts, every day, running for one and 
one-half hours on six of a Cray Y-MP’s eight 
processors [Fig. 3]. 

As the high-resolution mesoscale models 
currently being developed move into opera¬ 
tional weather forecasting, “expect 24-hour 
forecasts, especially of precipitation, to 
become impressive,” said Robert Gall, di¬ 
rector of the Boulder center’s mesoscale 
and microscale division. Three-day forecasts 
are also becoming quite reliable. Gall said, 
and today’s 10-day forecast is as accurate as 
a three-day forecast was 10 years ago, 
thanks to increases in computing power. 

“'The remarkable thing about the recent 
‘Storm of the Century’,” Gall said, “Svas not 
just its weather, but also the fact that its in¬ 
tensity, basic track, and extent of snowfall 
were forecast two days ahead.” 

Today’s weather forecasts can see out, 
with some accuracy, as far as 10 days. 
Researchers are trying to push that en¬ 
velope, said David Rodenhuis, director of 
NOAA’s Climate Analysis Center in Camp 
Springs, MD. But most agree that two 
weeks is the limit because of the instability 
inherent in the earth’s oceans and at¬ 
mosphere. Small disturbances, after some 
time, cause large divergences in weather. 
Beyond two weeks, the question becomes 
one of statistical probability, and crosses into 
the field of climate modeling. 

GLOBAL WARMING. Perhaps one of the most 
far-reaching questions that chmate mod¬ 
elers today are addressing is the greenhouse 
effect and its influence on global warming. 
The greenhouse effect is the tendency of 
certain gases in the atmosphere, notably 
carbon dioxide, to trap heat below them in 
the same way that glass traps heat in a 
greenhouse. This is a key question because 
it could dramatically affect environment and 
society, and be dramatically affected by gov¬ 
ernment pohcies, and because it is, from the 
modelers’ perspective, almost basic science. 
The study of global warming does, after all, 
require improvements in knowledge about 
the atmosphere, the oceans, the biosphere, 
and the earth and improvements in how this 
understanding is factored into models. 

In the early 1970s, modelers at NOAA’s 
Princeton Laboratory ran the first general 
circulation model to incorporate rising car¬ 
bon dioxide levels. Today, researchers world¬ 
wide are studying global warming. Basically, 
they run a general model that incorporates 
the greenhouse gases—carbon ^oxide, 
methane, water vapor, Freons—for some 
period of time while the carbon dioxide in 
the atmosphere remains at current levels; 
then they run another model that gradually 
increases those levels in various scenarios; 
finally they compare the results. 

Researchers at the Boulder center have 
repeatedly run their greenhouse model to 
100 years [Fig. 4]. The Princeton lab re¬ 
cently ran a greenhouse simulation to 500 
years three times; once with carbon dioxide 


steadily increasing to double the present 
level, once with existing carbon dioxide 
emissions, and once with steadily increasing 
carbon dioxide to four times the current 
level. The results, said Mahlman, are sur¬ 
prising but have yet to be announced. 

Combining results of the various models 
so far leads to these conclusions, according 
to Boulder center director Washington: 
given our present rate of burning fossil 
fuels, which will lead to a doubling of atmos¬ 
pheric carbon dioxide in 30-60 years, 
average earth temperatures will rise 
between Hi and A]i °C in the next 50-100 
years. There will be more rain in the tropics 
and less in the subtropics, for example, and 


North America and Asia would have 
warmer winters and drier summers, which 
would hurt agriculture. Monsoons in Asia 
would be a httle worse than they have been 
in the past, if the model projections are 
valid. 

The details of this wanning at the re¬ 
gional level are a subject of much specu¬ 
lation. What would be the effect of global 
warming on the Great Lakes? Would 
Europe get warmer, or even colder for a 
few decades before heating up? Would 
higher temperatures in China be coupled 
with increased rainfall and therefore 
improve crop yields? Would the birds re¬ 
locate? 
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I DIGITAL ANNOUNCES 
THREE NEW 
WORKSTATIONS THAT 

PUT ibm;'hfand 

SUN'IN THEIR PLACE. 



Digital introduces three new members 
of its Alpha AXP™ workstation family—the 
world's fastest family of workstations. 
The DEC™ 3000 Model 300L AXP workstation , the 


world's fastest for under $5,000. The Model 300, 
.the world's fastest for under $10,000. And 
the Model500X—the-world's fastest, period. 
Aipha AXP workstations. Their breakthrough 


technology is so powerfcl they can 


truly increase your productivity and provide 
solutions you never before thought possible. 




our comprehensive trade-in and migration 


programs, or pre-sales technical assistance, 
call 1-800-DIGITAL, press “2," and ask for 


extension 77M. Or, for immediate information 
via Digital's Alpha AXP Fast FAX, call 
;■ 1-800-842-7027 intheU.S. and Canada. Or 
contact your local Digital Representative. 
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[4] This image from a climate model shows global warming 12 years after simulated carbon- 
dioxide levels have grown to double what they are today The red areas indicate a temperature 
increase of 5 °C or more; the graph shows the warming trend. 


For answers, not only would the reso¬ 
lution of the models have to increase, but as 
(or more) important, models of the at¬ 
mosphere need to be coupled to models of 
other earth systems, the oceans, the soils, 
large lakes and rivers, forests and 
grasslands, and so on. Today’s biggest 
efforts focus in on such coupling. 

The oceans, with their ability to store, 
move, and release heat, are a major influ¬ 
ence on climate. For example, the Gulf 
Stream brings warm water up the East 
Coast of North America from the tropics, 
then veers east and heads for the British 
Isles. As a result, Britain is much warmer 
than Canada at corresponding latitudes. 
Global warming, for various reasons, could 
slow down the Gulf Stream, and London 
could find itself in a cold snap amid a 
wanning world. 

Since 1969 researchers have run coupled 
atmosphere and ocean models, using either 
a coarse resolution or prescribing unvarying 
temperatures for the oceans. Today’s 
coupled models use at best a few degrees 
latitude and longitude for ocean resolutions. 
These resolutions fail to capture important 
oceanic features, because the scales at 
which currents and accompanying temper¬ 
atures—the eddies—^move are a hundredth 
of those in the atmosphere. 

Chervin and collaborator Albert Semtner, 
oceanography professor at the Naval Post¬ 
graduate School in Monterey, CA, have 
produced a world ocean model with /(-by-l^ 
degree resolution and 20 levels of ocean 
varying from 25 meters to several hundred 
in depth [Fig. 5]. (The two recently won the 
Cray Research Award for Breakthrough 
Computational Science for their work.) “At 
that,” Chervin said, “we are at the margin 
of eddy resolvability.” 

Other climate researchers have also re¬ 
solved ocean eddies in their models, which, 
however, do not cover as much of the globe 
as the Chervin and Semtner model. The 


Fine Resolution Antarctic Model at Oxford 
University does so for the southern one- 
third of the world’s oceans. A model de¬ 
veloped cooperatively by researchers in the 
United States and Germany, called the 
Community Modeling Effort, is simulating 
eddies in the North Atlantic at a resolution 
of degree square. 

This Chervin and Semtner model, with its 
four million grid points, takes 27 wall-clock 


hours to simulate one year on a dedicated 
eight-processor Cray Y-MP. But because the 
ocean changes more slowly than the at¬ 
mosphere, longer time perils are needed 
to track phenomena. Chervin and Semtner 
would like to model hundreds, or thousands, 
of years—100 years would take 900 
processor days to run. The computer 
demands that would be made by coupling 
this high-resolution model to a GCM would 
be prohibitive, so today’s coupled at- 
mosphere-and-ocean models use much 
lower resolutions and try to parameterize 
eddies. 

“It would be very nice if we could run at¬ 
mosphere/ocean models with resolutions 
like Chervin and Semtner,” Washington told 
Spectrum in Boulder, “but if we do, we cannot 
carry out experiments in our lifetime, so we 
have to compromise.” 

Researchers would like to couple other 
earth systems with GCMs. Topography, 
ground and surface water hydrology, ter¬ 
restrial ecosystems, marine biochemistry, 
and detailed atmospheric chemistry are all 
being modeled separately today and could, if 
coupled with today’s GCMs, improve them 
greatly. But until computing spe^ increases 
by factors of 100 or 10(X), such coupling will 
remain impractical. In the meantime, sci¬ 
entists are using simple, parameterized 
models and factoring those into GCMs. 

One parameterization effort surrounds 
clouds. Scientists are trying to understand 



[5] Oceans, with their ability to store, move, and release heat, are an important influence on 
climate. This recently improved global model has a grid spacing of 1/4 degree latitude and 
longitude—fine enough to track the ocean eddies, which have long eluded researchers. The 
model was developed by Albert Semtner of the Naval Postgraduate School and Robert 
Chervin of the National Center for Atmospheric Research. 
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how they are formed; modelers are using 
this information as it develops to get their 
models to create average cloud cover (the 
resolution is far too coarse to describe indi¬ 
vidual cloud formations), how it is changed 
by different scenarios, and how it in turn 
changes climate. 

Clouds are the biggest determinant of 
climate, said Stanford’s Schneider, “and who 
has ever seen a cloud the size of Colorado?” 
He has been working on methods to para¬ 
meterize clouds; to determine what 
factors, to what extent, increase or de¬ 
crease cloud cover; and to include 
those formulas in atmospheric models. 

“We are unsure now whether clouds 
will change to amplify greenhouse 
warming or to damp it,” said Mahlman 
of the NOAA Princeton laboratory. 

This uncertainty is behind the large 
spread in global warming predictions. 

Clouds may be “seeded” by aerosols, 
tiny particles dispersed in the at¬ 
mosphere, which are therefore also 
the subject of some attention. 

According to Dannevik at Liver¬ 
more, some studies have suggested that the 
sulfate aerosols produced by some fossil 
fuels cool the atmosphere, mitigating 
greenhouse warming. (On the other hand, 
sulfate aerosols are not benign—-they lead 
to sulfuric acid deposition, or acid rain.) As 
aerosols are shorter lived than greenhouse 
gases, reducing the use of fossil fuels, in the 
short term, could exacerbate global 
warming. 

DECREASIN6 OZONE. The most imminent 
climatic threat is the depletion of the ozone 
layer. Modelers first began to study it inten¬ 
sively in the early 1970s, when the su¬ 
personic transport plane was proposed and 
it was feared that the exhaust emissions 
from a fleet of such planes might harm the 
ozone layer. The modelers concluded it 
would, but they also determined that other 
activities, most notably the release of chlo- 
rofluorocarbons (CFCs), could also deplete 
the ozone layer. 

Until recently, the models that studied 
the ozone layer were run separately from 
GCMs and represented the atmosphere in 
terms of height and latitude or just height. 

“Nobody dared to do chemistry on 3-D 
models at that time because it would have 
been prohibitively expensive,” said Rolando 
Garcia, senior scientist in NCAR’s atmos¬ 
pheric chemistry division. The 70-some 
chemical reactions that must be tracked for 
each point increase the computing demands 
exponentially. Even now, Garcia said, it is at 
the limit of present computers. 

A three-dimensional model with realistic 
stratospheric chemistry and spatial reso¬ 
lution of 5 degrees latitude and longitude 
and 2-km vertical resolution takes about five 
Cray Y-MP hours pier month of simulation. 
A model of the recovery of the ozone if 
CFCs are banned might need to be run out 
to 70 years, which is still prohibitive in a 3-D 
model. So Garcia and company work in two 


I dimensions and use some sort of parame¬ 
terization to represent how the ozone is af¬ 
fected by the wave motion of the at¬ 
mosphere. 

The ozone layer is involved in the 
greenhouse effect. This involvement, 
because of its complexity, is only beginning 
to be modeled. The University of Illinois this 
summer was to begin the first experiments 
with a 24-layer model that includes ozone 
chemistry. Its seven-layer version of that 


model required 108 seconds of C90 
processor time to compute one day. 

Ozone models recently underwent a vali¬ 
dation test, in the guise of the 1991 volcanic 
eruption of Mount Pinatubo in the 
Philippines. According to Garcia, after 
Mexico’s El Chichon erupted in 1982, unex¬ 
pected ozone depletions occurred. One 
±eory, written into some models, was that 
volcanic particles created droplets of 
sulfuric acid that catalyzed ozone-eating 
chemical reactions in the atmosphere. Now, 
two years after Mount Pinatubo’s eruption, 
scientists are measuring ozone depletion 
that occurred as anticipated by this model. 
DECISION-MAKING. Researchers expect to be 
investigating a number of climate questions 
for years to come, and without reaching con¬ 
clusive answers. Even so, many think that 
the time for governments to take action on 
these issues is now. 

The mechanisms by which CFCs deplete 
the ozone, and how fast the ozone will 
recover after CFC use is eliminated, are 
fairly well understood. “We had a theory; it 
worked when modeled numerically; it led to 
predictions which could be tested indepen¬ 
dently; and the tests confirmed the pre¬ 
dictions,” NCAR’s Garcia said. Observed 
data, combined with the work of modelers, 
contributed to the signing of the Montreal 
protocol in 1987, an international agreement 
on a timetable for the phase-out of CFCs. 
Other questions have less well-confirmed 
answers. 

Harvard’s Jacob is focusing his current 
oxidation studies on hydrochlorofluoro- 
carbons (HCFCs), which are replacing CFCs 
in numerous manufacturing processes. 
HCFCs do not deplete the ozone layer 
because they are quickly oxidized; the 
question is whether there is a limit to the 
amount that can be oxidized, and if so 
whether HCFCs will then prove just as de- 


I structive of the ozone layer as their sister 
compound. 

“We have to talk to policy-makers re¬ 
garding that issue,” Jacob said, “and we don’t 
yet know what to say.” 

At Carnegie Mellon University in Pitts¬ 
burg, an associate professor of mechanical 
engineering, Armistead G. Russell, sim¬ 
ulates regions as large as the northeastern 
United States with a resolution that can be 
I set as fine as 2 by 2 km, with up to 20 
vertical layers ranging from 10 meters 
to several kilometers high, and with 
numerous chemical reactions. Russell’s 
specialty is smog and whether it is 
more effective to control the carbon- 
based or the nitrogen emissions that 
interreact to create the ground-level 
ozone that damages the lungs. 

Russell also studies the impact of al¬ 
ternative fuels on air quality. His group 
is working with the California Air 
Resources Board in Sacramento on 
how to treat the various fuels in 
writing regulations designed to 
improve air quality. But Russell, too, is 
yet undecided. “At this point we have the al¬ 
gorithms,” he told Spectrum, “but ±ey are 
very consumptive of computer power. 
Faster computers will make a difference.” 

Global warming is the most hotly debated 
issue, both because different models do not 
agree and because related policy decisions 
have hroad societal impacts. Can the de¬ 
veloped world demand that the underde¬ 
veloped world limit its development by not 
fully exploiting fossil fuel reserves? Are 
people in developed nations ready to give up 
their cars? Or to trust nuclear power? 

There is some debate in the scientific 
community today about the role of the re¬ 
searcher in policy-making. If the researcher 
is not sure of his results, if finding a de¬ 
finitive answer could take years—^what is 
his responsibility? 

“We have made predictions about green¬ 
house gases and warming,” said Schlesinger 
at the University of Illinois, “but we have yet 
to test those predictions, so we have no con¬ 
fidence. The world is gearing up to change 
lifestyles radically based on these pre¬ 
dictions. What if we are radically wrong?” 

Back in Boulder, Washington, who has 
advised every presidential administration 
since Carter’s on environmental issues, is 
convinced of the wisdom of reducing the 
emissions of carbon dioxide and other 
greenhouse gases. While there are still “a 
lot of uncertainties as to the magnitude of 
the greenhouse problem, it is a funda¬ 
mentally correct hypothesis—the problem 
is quantifying it,” he told Spectrum. “If we 
wait, we may have harmed the environment 
irrevocably.” 

Said StWord’s Schneider: “You are talk¬ 
ing about an experiment being performed 
on a laboratory called earth, and every living 
thing is along for the ride, whether they 
signed on or not. So it is our responsibility 
to make best guesses.” ♦ 


The world is gearing up to 
change lifestyles radically 
I based on these predictions. | 
What if we are radically 
wrong?’ 
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To probe further 

IN GENERAL. The 1993 EOS Reference Hand¬ 
book is available from the NASA Earth 
Science Support Office’s Document Re¬ 
source Facility by calling 202-479-0360 or 
writing to the address given below. 

Space-Based Global Change Observation 
System Program Plan: An Assessment of 
Current Status and Interagency Cooperation 
was released last October; an updated 
version is due out next October. Contact 
George Schwenke at the Earth Science 
Support Office (address below). 

Our Changing Planet: The FY1993 U.S. 
Global Change Research Program may be 
obtained by calling 202-357-7861 or writing 
to the Committee on Earth and Environ¬ 
mental Sciences, Attn: Forms and Publi¬ 
cations, c/o National Science Foundation, 
Room 232 (address below). 

The Winter 1989 issue of Mosaic, pub¬ 
lished by the National Science Foundation 
(NSF), had a special report on “Detecting 
Climate Change.” Write to Distribution, 
Mosaic (527), at the NSF address below or 
caU 202-357-9498. 

“Report to Congress on the Restructuring 
of the Earth Observing System” went to 
House and Senate appropriations com¬ 
mittees in March 1992. Contact the NASA 
Earth Science Support Office, Document 
Resource Facility (address below). 

Pergamon Press has a new catalog of its 
Environmental Science and Technology titles. 
Write to the press, either at Headington HiU 
Hall, Oxford 0X3 OBW, UK, (44+865) 794 
141, or at 660 White Plains Rd., Tarrytown, 
NY 10591-5153,914-524-9200. 


REMOTE SENSING. Atmospheric Remote 
Sensing by Microwave Radiometry is the 
new entry in the Wiley Series in Remote 
Sensing, from John Wiley, New York. The 
572-page book was edited by Michael A. 
Janssen of the Jet Propulsion Laboratory. 

The proceedings from a symposium on 
“Combined Optical-Microwave Earth and 
Atmosphere Sensing” are available from the 
IEEE Service Center, 445 Hoes Lane, Box 
1331, Piscataway, NJ 08855-1331 (IEEE 
Catalog No. 93TH0519-9). 

Monitoring Earth’s Ocean, Land, and 
Atmosphere from Space — Sensors, Systems, 
and Applications was published eight years 
ago but has a great deal of valuable historical 
and technical information. The 83(Fpage book 
was part of the Progress in Astronautics and 
Aeronautics series published by the Amer¬ 
ican Institute of Aeronautics and Astro¬ 
nautics, 370 L’Enfant Promenade, S.W., 
Washington, DC 20024. 

The “Joint Engineer-Scientist Workshop 
on Earth-Based Atmospheric Remote 
Sensing” was sponsored by the National 
Science Foundation and hosted by the 
National Center for Atmospheric Research 
in February 1992. For a copy of the pro¬ 
ceedings, contact ±e NSF’s Forms and 
Publications, Room 232 (address below) or 
caU 202-357-786L 

“Submillimeter-Wavelength Heterodyne 
Spectroscopy and Remote Sensing of the 
Upper Atmosphere” was pubUshed in the 
Proceedings of the IEEE, November 1992, 
pp. 1679-1701. Experiments involving the 
University of Utah’s polarization diversity 
hdar were described in “Evidence for Liquid- 
Phase Cirrus Cloud Formation from Volcanic 


Aerosols: Climatic Implications,” Science, 
July 24,1992, pp. 516-519. 

A report on the Antarctic ozone hole was 
published in the April 15 issue of Nature. See 
“Stratospheric CIO and ozone from the Micro- 
wave Limb Sounder on the Upper Atmo¬ 
sphere Research Satellite,” pp. 597-602. 

The April issue of Photonics Spectra, pub- 
hshed by Laurin Publishing of Berkshire 
Common, Pittsfield, MA, had a three-part 
report on Thotonics in Remote Sensing and 
the Environment.” The magazine’s telephone 
number is 413-499-0514. 

DATA PROCESSING. EOS Data and Infor¬ 
mation System (Eosdis), which describes the 
system in some detail, was produced this 
past year by NASA’s Earth Science Support 
Office and is available through its Document 
Resource Facility (address helow). 

For more information about the U.S. 
Global Change Research Program and re¬ 
lated issues, see Helen M. Wood, “Under¬ 
standing planet Earth: Challenges for CS/CE,” 
Computing Research News (the journal of 
the Computing Research Association), Vol. 
5, no. 3, May 1993, pp. 9-11 

A fuller description of Version 0 of Eosdis 
appears in S. C. Calvo and K. R. McDonald, 
“Accessing Distributed Heterogeneous Earth 
Science Inventories via Eosdis Version 0 
Information Management System,” 1993 
ACSMASPRS Annual Convention Technical 
Papers, Vol. 3, pp. 48-55. 

Some of the issues concerning remote¬ 
sensing data management in the data and in¬ 
formation systems of data are discussed in 
N. Gershon and J. Dozier, “The Difficulty 
with Data,” BYTE, April 1993, pp. 143-147. 
SUPERCOMPUTING. Discussions of the com¬ 
ponents of climate modeling and examples 
of equations used in General Circulation 
Models show up in a number of texts, in¬ 
cluding An Introduction to Three-Dimen¬ 
sional Climate Modeling by Warren M. Wash¬ 
ington and Claire Parkinson (University 
Science Books, Mill Valley, CA, 1986) and 
Climate System Modeling, edited by Kevin 
E. Trenberth (Cambridge University Press, 
New York, 1992). 

The National Center for Atmospheric 
Research, housed in a landmark building de¬ 
signed by I.M. Pei, offers free self-guided 
and guided tours of its facilities, including its 
computer rooms. The building, in Boulder, 
CO, is open from 8 am. to 5 pm. and 9 am. 
to 3 pm. on weekends and holidays. 

Climate modeling is one of the Grand 
Challenge problems of supercomputing. The 
latest breakthroughs in this area will be dis¬ 
cussed at Supercomputing ’93, sponsored by 
the IEEE and the Association for Computing 
Machinery. This year’s conference will be 
held Nov. 15-19 in Portland, OR. 

ADDRESSES. The National Aeronautics and 
Space Administration’s Earth Science 
Support Office is located at 300 D St., S.W., 
Suite 840, Washington, DC 20024. 

The National Science Foundation is 
located at 1800 G St., N.W, Washington, DC 
20550. ♦ 



SimEarth, the computer game, is not based on accurate mathematics, but does represent the 
Earth as a single organism, giving the player a sense of the interconnectedness of all the 
features of the geosphere, atmosphere, biosphere, and civilization, including such problems 
as global warming. Made by Maxis Inc., Orinda, CA, SimEarth is available for DOS and 
Windows for Macintosh and Amiga computers at most computer stores for under $50. 
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ENVIRONMENTAL POSTSCRIPT 


Running out of resources 



As economic challenges 
confront the entire wortd, 
the IEEE has a unique 
opportunity to help on both 
local and global levels 

Ithough many people reject 
the idea, humanity’s future 
will be largely shaped by 
±e zero-sum nature (at 
best) of the world economy. 
Since that economy is root¬ 
ed in the continued exploi¬ 
tation of resources that are 
both finite and nonrenewable, any time one 
individual or group gets more of something, 
some other individual or group must neces¬ 
sarily get less: hence the term zero sum. 

Supply-side economists scoff at this 
notion, maintaining that the economic pie 
can be made to grow indefinitely through 
human ingenuity and effort. According to 
them, everyone on earth can aspire to in¬ 
creasing material wealth and prosperity. 

One reason that the zero-sum nature of 
the world economy is not evident to some 
skeptics is that the developed nations have 
gotten where they are by ignoring it—^by ex¬ 
ploiting cheaply available natural resources 
as if they were inexhaustible. Unfortun- hh 
ately, the developing nations will not be 
able to follow that example. As the 
cheap resources disappear, growth 
cannot continue in the same way, and 
the pie could shrink drastically—espe¬ 
cially on a per capita basis. 

Why is it appropriate to discuss this 
matter in the flagship publication of the 
IEEE? Because the Institute, through 
its constitution, has charged itself with 
a noble goal—namely, to promote un¬ 
derstanding of the influence of tech- ““ 
nology on the public welfare of the entire 
world. 

That goal has never been more apposite. 
It makes clear the proposition that the 
Institute’s view of the implications of tech¬ 
nology, as well as its benefits, cannot be 
confined to a narrow scope based on any 
country’s national interest, but must rep¬ 
resent the IEEE global constituency. 
DISTURBING EVIDENCE. Of all nations, the 
United States is probably the most com¬ 
petent at wresting economic gain from the 


Raymond S. Larsen ASA Instruments Inc. 


environment. Yet, even here, the timber in¬ 
dustry is dying as the prime old-growth 
forests are running out and raw logs are ex¬ 
ported to be milled overseas; the fishing in¬ 
dustry on both East and West coasts has 
been devastated by dredge-net fleets from 
around the world; and farmlands in the 
heartland are being drained of their natural 
riches, with the result that crops in¬ 
creasingly depend on expensive chemical 
fertilizers. 

In consequence, prices have climbed so 
high that the large middle class now re¬ 
quires two wage earners to support the 
same family that was easily supported by 
one wage earner in the ’50s. If that is what 
is happening in the most technologically ad¬ 
vanced country in the world, the implications 
for the less advanced are grim indeed. 

John G. Clark, in his 1990 book. The 
Political Economy of World Energy, shows 
that in 1987 the United States consumed a 
total of 10 436 petajoules of energy [see 
figure]. (A petajoule—lO*® joules—is the 
energy content of approximately 175 000 
barrels of oil.) Although the detailed pat¬ 
terns of energy consumption vary from 
region to region around the world, two facts 
are undeniable: the bulk of the world’s 
energy comes from irreplaceable fossil fuels, 
and growth in the less developed areas is 
proceeding at a greater relative pace than in 


Today, most applied 
economics is aimed 
at supporting an 
unachievable model: 
unlimited growth 

the more industrialized regions. 

Clearly, as underdeveloped countries be¬ 
gin to expand their economies, the rate of 
consumption worldwide will accelerate. What 
is need^ are substitutes for the rapidly dis¬ 
appearing fossil fuels, which currently supply 
a M 90 percent of our total energy ne^s. 

The most suitable substitute would be 
nuclear power were it not for its high cost 
and unresolved waste management prob¬ 
lems. 0±ers, like solar, geothermal, wind, 
and hydroelectric power, cannot even meet 
the bulk of present needs, let alone those of 
the future. 


Comments are invited 

The editors of IEEE Spectrum recognize that 
some of the ideas in this articie may be contro¬ 
versial, but feel that the subject is of critical im¬ 
portance. We are publishing it, therefore, in the 
hope of sfimulating an exchange of ideas on the 
several topics discussed by the author. Readers 
are encouraged to send their comments to 
Michael J. Riezenman, Senior Editor, at IEEE 
Spectrum, 345 East 47th St., New York, NY 
10017. Alternatively, responses may be trans¬ 
mitted to the Specfrum electronic bulletin board 
at 212-705-7308 (1200-N-8-1) or faxed to 
212-705-7453. 


Perhaps the brightest hope for the future 
is fusion electric power generation, with its 
relative absence of harmful radiation waste 
products. However, the technology is prov¬ 
ing to be very difficult to exploit. Though 
great strides have been made, researchers 
have been unable to sustain a fusion re¬ 
action, let alone build a practical generator. 

The IEEE’s present position paper on 
fusion energy supports a government goal 
for a demonstration of practical power pro¬ 
duction by the year 2025, and the first com¬ 
mercially viable on-line plant by the year 
2040. During those 50 years, energy effi¬ 
ciency to extend the use of natural re¬ 
sources is expected to become ever more 
Hm critical, especially for home and for au- 
tomobiles. 

WATER CRISES. Water, too, can be added 
to the list of depletables, along with oil, 
gas, and coal, which have been ex¬ 
ploited at low cost in the past to sup¬ 
port economic growth. In her article 
last year in World Magazine, Diane 
Ward shows how much of the fresh 
water consumed by mankind through¬ 
out the world is provided by deep 
aquifers [see To probe further, p. 45]. 
One vital aquifer runs under parts of 
the Sahara desert. Another, the Ogallala, 
runs under eight thirsty states in the U.S. 
Southwest, and waters one-fifth of the ir¬ 
rigated cropland in the United States. 

These aquifers have been charged over I 
hundreds and even thousands of years by ' 
river and stream seepage and by rainfall. ! 
Not only are the aquifers being depleted by ^ 
excessive pumping (“water ranching’’ has 
become a big business in the Southwest 
United States), but their sources, such as the 
Colorado River system, have been exploited 
to the point where their ability to replenish 
the aquifers has been seriously compromised. 
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Patterns of energy consumption in four industriaiized regions 



□ Oil 


1986 (est.) 

I Hydro Q Nuclear Q Natural g; 


Consumption of fossil fuels [shown in these pie charts in petajoules] is increasing. 
Although these fuels form a smaller fraction of the energy pies now than in the past, the 
pies are getting larger. Note that energy consumption is increasing fastest in the least de¬ 
veloped areas. The Soviet Union’s consumption grew by 74 percent over the studied period, 
while that of the United States went up by only 18 percent The figures for fapan and the 
European member nations of the Organization for Economic Cooperation and Devel¬ 
opment increased by 35 and 22 percent, respectively Those numbers suggest that global 
consumption will accelerate rapidly as the Third World becomes more industrialized. (A 
petajoule — Kf^ joules—is the energy contained in approximately 175 000 barrels of oil.) 


A side effect of depletion is the inevitable 
collapse of the mined-out aquifers, de¬ 
stroying them top-down forever for future 
generations, as well as damaging the surface 
extensively. 

Obviously, fresh water can be extracted 
from the oceans, but only at a high cost in 
capital equipment and energy. Large popu¬ 
lation centers in most countries of the world 
will face increasing or even critical short¬ 
ages in the near future. In several areas, the 
cost of water is about to soar. 

TECHNOLOGY TO THE RESCUE? Notwithstand¬ 
ing these shortages, technology proponents 
are predicting that science will come to the 
rescue. They are confident that substitutes 
will be found for the exhaustible natural re¬ 
sources: artificial fibers for cotton to make 
clothing, the paperless society to save the 
trees, and solar-powered vehicles and 
fusion-generated electricity to circumvent 
depletion of fossil fuels and the attendant 
pollution. To do any good, these advances 
have to begin now; yet they remain as 
concepts and research projects, some of 
which predictably will not succeed. 

Unfortunately, technology, which drives 
the world economy, has no ethics of its own. 
Moreover, it is incapable of transcending the 
very laws that govern it, most obviously the 
second law of thermodynamics, which in 
effect states that everything comes at a cost. 

Worse yet, thanks to technology, humanity 
is able to exploit the irreplaceable at an 
ever-faster pace, creating temporary wealth 
for a privileged few among the world’s peo¬ 
ple. Instant worldwide communications, the 
facsimile machine, and that latest scourge of 
the superhighwa}^—the car phone—are all 
aimed at getting an even faster jump on 
competitors, thus further accelerating the 
depletion of natural resources. 

In the short run, the Olusion of creating 
something out of nothing at no cost holds up 
just fine. All participants can prosper as long 
as the forests hold out, the fish still run, the 
oil still flows, the gold is still mined, the 
ground is still rich, the water does not run 
out, and the air remains clean. 

But this approach just taps a long list of 
finite—not infinite—resources. All the re¬ 
sources to be tapped may not have been dis¬ 
covered yet. Some may even be manu¬ 
factured artificially in the future, at the 
expense of, at a minimum, energy. But the 
underlying fact remains: the world's critical 
resources, all of them, are being exhausted. 

Over the long term, the evidence sug¬ 
gests that the world economy is inevitably a 
negative-sum game—that is, real global 
wealth will decline, forcing growing eco¬ 
nomic disparity among nations, as well as 
among citizens within a nation. Until strong 
evidence to the contrary emerges—pos¬ 
sibly, but improbably, in the form of major 
scientific breakthroughs—it will be prudent 
to calculate the sums very carefully. Within 
the IEEE, it behooves us as technologists to 
apply our best intellects to the technical 
issues and our best social instincts toward 
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planning our future. And as purveyors of 
technology, we should recognize our re¬ 
sponsibilities toward global humanity. 

Technology will have an even greater 
effect on our future than it has had on our 
past. Properly applied, it can help enor¬ 
mously toward developing ways to live in a 
negative-sum world. Misapplied, it can 
hasten a global crisis. But in either case, it 
cannot change the sign of the equation. 

THE TECHNOLOGISTS’ BUROEN. At the core of 
any economic debate lies technology—^what 
it can do, and what it cannot; both its 
promises and its limits must be recognized. 
Technologists are needed in the core debate, 
but they must be armed with much 
more than just technical knowledge 
and personal opinion. And they must 
contribute as a group, rather than as 
hired guns to support one precon¬ 
ceived political view or another. 

We technologists in the IEEE and 
elsewhere need to acquaint ourselves 
with both the economic discussion and 
the political tools used in attempts to 
manage economics on behalf of the 
nation. This will be a drastic change, 
but a necessary one, for a group that 
traditionally lets economists and politicians 
do its thinliig in these areas. 

Today, most applied economics is aimed at 
supporting an unachievable economic model: 
unlimited growth. Also, economists ulti¬ 
mately work for others whose agenda is to 
do the best they can for their constituents. 
This is interpreted to mean more material 
wealth for all the people within a nation. But 
it is impossible to have more for all, even 
within a nation, let alone among nations. 
Therefore, the need to face reality, and to 
insist that our planners do so, is paramount. 

Another need is to focus on transnational 
economic models because without them the 
solutions reached will be nonsensical. Rich 
nations will be reluctant to do this, but unless 
they do, the model is doomed to failure. Also, 
more than ever, we need to question the 
moral and ethical implications of technical- 
economic decisions as they affect others 
worldwide. This is perhaps not much dif¬ 
ferent in principle from examining those de- 
cisiions within a nation, but it is much more 
challenging. 

If the world economy is really a zero-sum 
or negative-sum proposition, there is no 
longer an us and a them; there is only us. 
IEEE'S ROLE. As a transnational organization, 
the IEEE has a tremendously diverse con¬ 
stituency, encompassing a wide range of 
social and economic structures. It should call 
upon its members to contribute toward 
debate, the development of a consensus, 
public and self-education, and future plan¬ 
ning. To be effective, it needs to create both 
an internal structure and external rela¬ 
tionships that reflect its transnational 
character. 

The Institute must become informed in 
both economics and politics, so that it can 
become a useful part of the interdisciplinary 


team required to address these broad 
problems. No longer is it enough to explain 
technological tradeoffs to decision-makers 
and then retreat to the comfort of the labo¬ 
ratory. The decision-makers must be held 
accountable to the public interest. The IEEE 
must be not just an observer or a lobbyist, 
but a partner in leadership as well. 

Within the framework of addressing 
global issues vital to the future of hu¬ 
mankind, the engineering and scientific en¬ 
trepreneurial communities need to be chal¬ 
lenged. We must learn how to participate 
and how to use the tools of both technology 
and politics to do so; but we also need to rise 


The IEEE must be 
not just an observer 
or a lobbyist, but 
a partner in 
leadership as well 

above regional or national politics. 

Building a consensus among ourselves is 
necessary, but at the same time we have to 
expand our horizons as part of a team ded¬ 
icated to solving global problems. Not only 
must we explain the technology-cost trade¬ 
offs of a traditional growth-economy model, 
but we should point out the technological, 
societal, and ecological cost tradeoffs of the 
zero-sum or negative-sum models, which 
more accurately represent the future. 

These are issues that every IEEE mem¬ 
ber, and every aspiring IEEE member, 
should be called upon to consider. The Insti¬ 
tute has a challenging role to play in making 
this happen. Along with our continuing em¬ 
phasis on education and professionalism, 
these global issues should be our dominant 
theme for the future. 

TO PROBE FURTHER. For an excellent review 
of the various factors contributing to the 
world’s economic problems and proposed 
solutions, including the role of technology, 
three books by economist Lester Thurow of 
the Massachusetts Institute of Technology 
are recommended: The Zero-Sum Society 
(Viking Penguin, New York, 1981), The Zero- 
Sum Solution (Touchstone, New York, 1986), 
and Head to Head: The Coming Economic 
Battle Among Japan, Europe, and America 
(William Morrow & Co., New York, 1992). 

John G. Clark gives a good overview of 
the development of the modem energy mix, 
and the political-economic reasons driving 
the choices that have been made, in The 
Political Economy of World Energy: A 
Twentieth Century Perspective (University of 
North Carolina Press, Chapel Hill, 1990). 

Bernard L. Cohen’s defense of nuclear 
power’s relative safety, “Reducing the 
Hazards of Nuclear Power: Insanity in 
Action,” is to be found in the July 1987 issue 


of Physics and Society, pp. 2-4. 

The IEEE positions on various energy 
issues can be obtained from IEEE-United 
States Activities, Energy Policy Committee, 
Washington, DC; 202-785-0017. 

Diane Ward’s article “Water’s Worth” ap¬ 
peared in World Magazine, Vol. 26, no. 2, pp. 
20-35, published by KPMG Peat Marwick, 
New York, 1992. 

A collection of discussions on sustainable 
societies can be found in Preparing for a 
Sustainable Society, Proceeings of the 
Interdisciplinary Conference, Ryerson Poly- 
technical Institute, Toronto, June 21-22, 

1991. Conference co-sponsors included the 
m IEEE Society on Social Implications of 

Technology and the IEEE Toronto 
Section. 

For an overview of the planet’s eco¬ 
logical crises, see Vice President A1 
Gore’s highly readable book. Earth in 
the Balance: Healing the Global Envi¬ 
ronment (Houghton Mifflin Co., Boston, 
1992). Some people regard Gore as an 
alarmist, but his warnings are mild 
compared with the apocalyptic outlook 
of Herbert Gruhl, whose book Ein 
Planet Wird Geplundert is available 
only in German (Fischer Taschenbuch, 
Frankfurt am Main, 1992; U.S. residents will 
probably prefer to obtain it from Albert J. 
Phiebig Books, White Plains, NY). A trans¬ 
lation of the short essay “Mankind is at an 
End,” which appeared in Der Spiegel, no. 113, 

1992, is available from the author. 

A classic paper, “World Population 
Growth and Related Technical Problems,” 
by Arthur L. Austin and John W. Brewer, dis¬ 
cusses the global ecological effects of the 
population explosion. It appeared in IEEE 
Spectrum, December 1970, pp. 43-54. 

For a sociologist’s view of the role of as¬ 
sociations in a democratic society, see 
Robert N. Bellah et al.. Habits of the Heart: 
Individualism and Commitment in Amer¬ 
ican Life (Harper Collins Publishers Inc., 
New York, 1986). The title comes from an 
expression used by Alexis de Tocqueville in 
Democracy in America, his classic com¬ 
mentary on the developing U.S. society. ♦ 
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COMPUTERS/APPLICATIONS 


Working with neural networks 



Evaluating neural networks 
for applications requires a 
goodprior grasp of the 
necessary algorithms and 
development techniques 

eural networks have 
emerged as a powerful 
pattern recognition tech¬ 
nique. Since the need for 
pattern recognition arises 
whenever computers in¬ 
teract with the real world, 
neural networks are broadly 
useful in a range of applications. Their eval¬ 
uation for use in a particular application 
must be based on a knowledge of their 
strengths and weaknesses, the types of ap¬ 
plications they are likely to succeed in, and 
the practical tasks of development. These 
topics are the focus of this article, the 
second of two on neural networks [see 
“Neural networks at work,” June, pp. 26-32]. 

Like other pattern recognition tech¬ 
niques, neural networks act on data by de¬ 
tecting some kind of underlying organiza¬ 
tion. For example, scanned characters can 
be classified as different letters of the 
alphabet by detecting how they re¬ 
semble one another. The networks can 
recognize spatial, temporal, or other re¬ 
lationships and can perform such tasks 
as classification, prediction, and func¬ 
tion estimation. They can bridge the 
gap between individual examples and 
general relationships. 

The networks learn the similarities 
among patterns directly from instances 
of them. That is, they infer solutions 
from data without prior knowledge of 
the regularities in the data; they ex¬ 
tract the regularities empirically. This 
ability is a distinct asset in many applications 
because it works without conventional pro¬ 


valuable characteristics unavailable together 
elsewhere. First, as mentioned, they can 
infer subtle, unknown relationships from 
data. This characteristic is useful because 
gathering data does not require explaining it. 
Second, the networks can generate, mean¬ 
ing they can respond correctly to patterns 
that are only broadly similar to the original 
training patterns. Generalization is useful 
because real-world data is noisy, distorted, 
and often incomplete. 

Third, they are nonlinear, that is, they can 
solve some complex problems more accu¬ 
rately than linear techniques do. Nonlinear 
behavior is common, but can be difficult to 
handle mathematically. Finally, neural net¬ 
works are highly parallel. They contain 
many identical, independent operations that 
can be executed simultaneously. This is 
useful because parallel hardware can run 
neural networks quickly, often making them 
faster than alternative methods. 

INSIDE STORY. Before reviewing the practical 
side of engineering these networks, it may 
be helpful to look at how they work. A good 
example is a three-layered network that 
learns with the back propagation (BP) al¬ 
gorithm. This type of network is a rea¬ 
sonable choice as an illustration because it is 
versatile and popular. Not all networks have 
three layers, however, and back propa¬ 
gation is not the only learning method. 
But even though some other type 
might serve a given purpose better 
than the one described, the key 
concepts apply to most neural 
networks. 

A network using BP can be un¬ 
derstood on several levels. On one 
level, it is a collection of vector 
equations; on another, a computer 
program; and on yet another, a layered 
system of interacting nodes [Fig. 1]. 

Each node is a single processing 
element that acts on data to produce a 
signed especially for the networks removes I result. Typically, the nodes are arranged in 
or reduces this computational barrier, layers and are each connected to the nodes 
gramming. Knowing something about the I thereby accelerating the networks’ develop- in the preceding layer for input and the fol- 
problem can improve the neural network de- ment. lowing layer for output. Furthermore, each 

signed for it, but the most critical need is Training the networks is an emerging dis- connection has an associated adjustable 
data. cipline that involves aspects of program- value called a weight. 

Developing a neural network is unlike de- ming, statistics, and signal processing. For Data enters the network through the 
veloping software, because the network is some problems, it can be faster than writing input layer. The nodes in the input layer are 
trained, not programmed. Training one does traditional software. It can also solve some | passive, not computational; each simply 
not in itself require defining variables, ere- problems that have resisted solution by ‘ ' 

ating loops, testing for conditions, running a other methods. Nonetheless, neural net- 
compiler, or debugging code. Instead, the works can be difficult to train and unsuitable 
r— --;- for some tasks. 

Dan Hammerstrom Adaptive Solutions Inc. | So why use them? Because they offer 


procedure starts with selecting, analyzing, 
and manipulating data, often using tech¬ 
niques from statistics and signal processing. 
This first step is usually the most crucial 
part of a neural net’s development. While 
the network can infer relationships that its 
developer did not discern, it can find them 
only if the examples support the inference. 

Most neural networks have parameters 
that control how they learn as they cycle re¬ 
peatedly through the training data. The 
values selected for these parameters in¬ 
fluence how well the trained network per¬ 
forms. Largely due to the adaptive or em¬ 
pirical nature of the neural network 
algorithms, parameter choice requires ex¬ 
perimentation, and the results depend in 
part on the developer’s experimental 
technique. 

Finding suitable parameter values by ex¬ 
periment has been an impediment to the de¬ 
velopment of these networks, especially 
because some of the algorithms consume 
large amounts of computer time. A single 
training run has often taken hours, days, or 
even weeks on workstations. The multiple 
training runs needed to fully explore a wide 
range of possible solutions have been out of 
the question, forcing developers to limit 
problems artificially. Parallel hardware de- 


A neural network 
can learn something 
different from 
what its trainer 
had in mind 


broadcasts a single data value over weighted 
connections to the hidden nodes. Each BP 
node also has an extra input called the 
threshold input, which acts as a reference 
I level or bias for the node. All hidden nodes 
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ability to model complex 
functions. 

The key to the back propa¬ 
gation learning algorithm is its 
ability to change fte values of 
its weights in response to 
errors. For it to be possible to 
calcidate the errors, the train¬ 
ing data must contain a series 
of input patterns labeled with 
their target output patterns. 
(Labeled training data is a 
common, but not universal, re¬ 
quirement for neural net¬ 
works.) 

During BP training, a net¬ 
work passes each input pattern 
through the hidden layer to 
generate a result at each out¬ 
put node. It then subtracts the 
actual result from the target 
result to find the output-layer 
errors. 

Next, the network passes 
the derivatives of the output 
errors back to the hidden layer, 
using the original weighted 
connections. This backward 
propagation of errors gives the 
algorithm its name. Each hid¬ 
den node then calculates the 
[1] Neural mtimrks are made out of neuron-like nodes that weighted sum of the back- 
are arranged in layers and pass data through mighted con- propagated errors to find its 
nections. The networks learn by changing the values of their indirect contribution to the 
weights. With suitable weights, such a network can model known output errors. 
any computable function. A node in such a network typically After each output and hid- 
multiplies each input by its weight, sums the products, then den node finds its error value, 
(for back propagation training) passes the sum through a the node adjusts its weights to 
nonlinear transfer function to produce a result. The fun- reduce its error. The equation 
damental computation for a neural network is therefore the that changes the weights is de- 
vector-dot product, and its computational speed depends on signed to minimize the sum of 
executing the underlying multiply-and-accumulate oper- the network’s squared errors. 



ations efficiently 

thus receive all input data, but because each 
has a different set of weights, the sets of 
values differ. 

Each hidden node processes its inputs and 
broadcasts its result to the output layer. The 
output nodes also have distinct sets of 
weights and process input values to produce 
a result. For BP, the network’s result is a set 
of continuously variable values, one per 
output node. 

Hidden nodes have no direct connection 
to input or output. Introducing this inter¬ 
mediate layer enhances the network’s ability 
to model complex functions. 

The hidden and output nodes process 
their inputs in two steps. Each multiplies 
every input by its weight, adds the product 
to a running total, and then passes the sum 
through a function to produce its result. This 
transfer fimction is usually a steadily in¬ 
creasing S-shaped curve, commonly called a 
sigmoid function. The attenuation at the 
upper and lower limbs of the “S” constrains 
the raw sums smoothly within fixed limits. 
The transfer function also introduces a non¬ 
linearity that further enhances the network’s 


procediure for finding the weights that 
minimize sum-of-squares error. 

Real error surfaces can have complex 
ravine-like features and many dent-like local 
minima. Since gradient descent always 
follows the locally steepest path, ±e BP al¬ 
gorithm can train a network into a local 
minimum that it cannot escape. This effect 
depends on the exact path down the 
gradient, which in turn depends on the initial 
values of the weights and other factors. It is 
worth trying several configurations to see 
which has the least error. 

In practice, finding the unique global mini¬ 
mum seldom matters. What does matter is 
finding a set of weights that processes data 
accurately enough for the application. 
Saving these trained weights preserves 
what the neural network learned and 
enables it to play its part in the application 
without further training. 

This network architecture (three fully 
connected layers) and learning algorithm 
(BP) are representative merely. Not all the 
details apply to all networks. Structural el¬ 
ements such as nodes, connections, layers, 
and weights are practically universal, but the 
arrangements between them vary. For 
example, some networks lack a hidden layer, 
and some have two or more. Other vari¬ 
ations include nodes that feed back to earlier 
nodes, connections that skip layers, and 
layers that are only partly connected. 

The learning algorithms, or the mathe¬ 
matical rules controlling weight updates, 
also vary. While specific algorithms are often 
paired with specific architectures, network 
structure and behavior are independent. 
Consequently, a three-layer network like the 
one described might not use BP, and BP 
might appear in another network. 

Not all learning algorithms require re¬ 
peated passes through the training data. Nor 
do ±ey all require labeled data. Those that 
do are called supervised algorithms and 
require either a precise correct answer or 
only the fact that the result is good or bad. 
Learning needing only a grade is called re¬ 
inforcement learning. Unsupervised algo- 


This minimization has an in¬ 
tuitive geometric meaning. To 
see it, all possible sets of weights must be 
plotted against the corresponding sum-of- 
squares (sum-squared) errors. The result is 
an error surface shaped like a bowl, whose 
bottom marks the set of weights with the 
smallest sum-of-squares error. 

Finding the bottom of the 
bowl—that is, the best set of 
weights—is the goal during 
training. 

Back propagation achieves 
this goal by calculating ±e in¬ 
stantaneous slope of the error 
surface with respect to the 
current weights. It then incre¬ 
mentally changes the weights in 
the direction of the locally 
steepest path toward the bottom 
of the bowl. This process re¬ 
sembles rolling a baU down a hill 
and is called gradient descent [2] The back propagation algorithm learns by changing its 
[Fig. 2]. Gradient descent im- weights to follow the steepest path toward the bottom of a 
proves the network’s overall ac- bowl-shaped error surface. Shown here is an idealized 
curacy as a result of the aggre- error surface for two-dimensional weights. Real error 
gate corrections during training, surfaces typically have ravine-like features and dent-like 
Back propagation is in effect a local minima. 
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rithms do not use target results at all and 
typically find statistical relationships among 
training patterns. 

PROGRAMMING COMPARED. Neural networks 
imitate functions on the basis of their 
measured behavior. This fundamental ability, 
which is called function modeling, esti¬ 
mation, or approximation, appears in many 
guises, such as classification, prediction, clus¬ 
tering, and pattern recognition. A mapping 
task is an example of function modeling. 

Traditional computer programs can do 
similar tasks, and the two computational 
models overlap in some cases. In practice, 
they have opposite strengths, and some 
tasks that are simple for one method are 
barely possible for the other. 

Traditional computer programs tend to be 
good at tasks that require high numerical ac¬ 
curacy or the manipulation of symbols. An 
example is balancing a checkbook, because 
exact rules are easy to define and perfect ac¬ 
curacy is critical. A neural network is likely 
to find this task hard to learn. 

The advantage is reversed for tasks that 
have few obvious rules, deal with imperfect 
data, or optimize many constraints simulta¬ 
neously. For example, controlling an in¬ 
dustrial process can be a good task for a 
neural network, since often rules are dif¬ 
ficult to define, historical data is plentiful but 
noisy, and perfect numerical accuracy is un¬ 
necessary. Programming a standard com- 


Defining terms 

Rack propagation (DP): (in a neural network) a su¬ 
pervised learning method in which an output error 
signal is fed back through the network, altering con¬ 
nection weights so as to minimize that error. 
Connection: a link between nodes used to pass data 
from one node to the other. Each connection has an 
adjustable value called a weight. 

Generalization: a neural network's ability to respond 
correctly to data not used to train it. 

Global minimum: the unique point of least error 
during gradient descent, metaphorically the true 
“bottom" of the error surface. 

Gradient descent: a learning process that changes 
a neural network’s weights to follow the steepest 
path toward the point of minimum error. 

Input layer: a layer of nodes that forms a passive 
conduit for data entering a neural network. 

Hidden layer: a layer of nodes not directly con¬ 
nected to a neural network’s input or output. 
Labeled data: input patterns tagged with a target 
result, which provides the “correct” answer needed 
by supervised algorithms for training, 
layer: a set of nodes connected to common inputs, 
outputs, or both. 

Local minimum: a point of regionally low error 
during gradient descent, a metaphorical dent in the 
error surface. 

Mean squared error: a measure of accuracy, used 
by several neural networks, that is calculated 
squaring each error, summing the squares, then av¬ 
eraging the sum by the number of outputs and data 
patterns. Gradient descent minimizes mean squared 
error. 

Memorization: (or overtraining) a neural network’s 


puter for the same task might require years 
of work, especially if the process happens to 
be nonlinear. 

The neural network is rarely a stand¬ 
alone product, but usually part of a larger ap¬ 
plication, within which it acts much like a 
callable function: the application passes a set 
of values to the neural network, which 
passes back a result. 

APPROPRIATENESS. The first step in match¬ 
ing an application and a neural network is to 
weigh the characteristics, requirements, and 
drawbacks of each. Factors such as compu¬ 
tational speed also matter. 

As implied above, one common charac¬ 
teristic of successful neural network appli¬ 
cations is a function estimation task. Others 
include the need to cope with large amounts 
of imprecise data, ±e ability to tolerate an 
approximate result, or the presence of 
complex, nonlinear behavior. 

A major requirement is the collection of 
training data. It must be possible to gather a 
sufficient sample of representative data; 
otherwise, it may be difficult or impossible to 
train a neural network. Often a related con¬ 
sideration is the need to label the training 
set with target results. 

Neural networks have several drawbacks 
for some applications. First, ±ey may fail to 
find a satisfactory solution, perhaps because 
there is no leamable function or because the 
data is insufficient. 


tendency to learn random details in the training data 
in addition to the underlying function. A network 
that simply memorizes may fail to generalize. 
Neural network: an implementation of a learning 
algorithm derived from research about the brain. 
Often referred to as artificial neural network, it typ¬ 
ically contains layers of so-called artificial neurons 
composed of weights, connections, and nodes. 
Node: a single neuron-like element in a neural 
network. It typically has many inputs but only one 
output. 

Output layer: the layer of nodes that produce the 
neural network’s result. 

Pattern recogufflon: identification of shapes, forms, 
or configurations by automatic means. 
Sum-of-squaros error: a measure of accuracy, used 
in BP and some ofher network training procedures, 
calculated by squaring each error, then summing 
the squares. 

Supervised learning: a learning process requiring 
a labeled training set. 

Target result: a “correct” result included with each 
input pattern in a training or testing data set. 
Testing: a process for measuring a neural network’s 
performance, during which the network passes 
through an independent data set to calculate a per¬ 
formance index. It does not change its weights. 
Training: (of a neural network) a process during 
which a neural network passes through a data set 
repeatedly, changing the values of its weights to 
improve its performance. 

Unsupervised learning: a learning process thaf 
does not require a target result. 

Weight : an adjustable value associated with a con¬ 
nection between nodes in a neural network. 


Second, it can be hard to account for a 
neural network’s results. For one thing, the 
results depend on thousands of calculations 
involving the input pattern and the con¬ 
nection weights. Showing how the weights 
“tause” a result may be more complex than 
showing how a computer program works. 
For another, the values of the weights are 
themselves the result of a complex machine- 
learning procedure, making their origin hard 
to explain. 

Still, for most applications, this concern is 
only theoretical, since neural networks are 
often more accurate than other solutions. 
They are like statistics in their aggregate 
behavior, their usefulness, and their effec¬ 
tiveness in applications that lack other so¬ 
lutions and tolerate imprecision. They may 
be unsuitable when safety is critical or risks 
are to be avoided, unless they can be val¬ 
idated with all possible input values. 

Third, neural networks can be slow and 
expensive to train. Part of the cost stems 
from the need to collect, analyze, and ma¬ 
nipulate training data. Part comes from the 
need to experiment with parameters to find 
good values. Greater understanding of train¬ 
ing protocols should help, especially in com¬ 
bination with parallel hardware that can run 
systematic experiments quickly. 

A final aspect of neural networks worth 
examining is their computational speed in 
the finished application. Each connection re¬ 
quires a product to be calculated and added 
to a running total. Execution times conse¬ 
quently depend on the number of con¬ 
nections, typically roughly the square of the 
number of nodes. Small increases in the 
number of nodes ±erefore cause large in¬ 
creases in execution time. The data rates 
and response times the application needs 
must be supplied by the system running the 
neural network. 

For example, by the above rule of thumb, 
100 nodes entail about 10 000 connections. A 
standard microprocessor can calculate about 
10 million multiply-accumulate operations 
per second, so it can pass through the 
network about 1000 times per second. If the 
application requires data rates and reaction 
times of a millisecond or less, then the mi¬ 
croprocessor will suffice. 

If, however, the application needs 300 
nodes, then the network has about 900 000 
connections, and the microprocessor can 
pass it through only about 100 times a 
second. The number of nodes has tripled, 
but ±e response time has risen tenfold. A 
microprocessor or digital signal processor 
may be unable to support the needed data 
rates or response times, and if so, special- 
purpose hardware should be considered. 

This new hardware exploits the paral¬ 
lelism of neural networks and similar algo¬ 
rithms so as to increase their speed, often by 
several orders of magnitude. As a result, it 
can run full-scale networks at real-time 
rates, so that applications that need large 
networks can have them. Parallel hardware 
also enables applications that continue to 
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Representative neural network (NN) development tools 


Company 

Overview 

Software 

Algorithm(s) 

Hardware 

Price 

Adaptive Solutions 
Inc. 

Beaverton, OR 

CNAPS is a SIMD parallel 
computer for pattern recognition, 
image processing, and NN devel¬ 
opment and deployment 

CNAPS-C compiler; 
BuildNet; CodeNet; C 
Libraries (Unix) 

BP, LVQ2 
(precoded for 
BuildNet and 
CodeNet) 

CNAPS Parallel 
Computer; 6U VME 
board (NN- 
chip-based 
computer/VME card) 

Hardware, US 
$15k-$95k; devel¬ 
opment software, 
$4.5k-$9k 

Al Ware 

Cleveland, OH 

N-Net Is a user interface and C- 
program library for Functional 

Link Net, a patented algorithm for 
manufacturing and business ap¬ 
plications 

N-Net EX; N-Net 500 
(DOS, Sparc, VMS) 

Functional Link 
Net (su¬ 
pervised or un¬ 
supervised) 


Software, $2k-$3k 

California 

Scientific Software 
Nevada City, CA 

BrainMaker is a menu-driven BP 
simulator that can import 
spreadsheet files; the Pro version 
has code for using trained NNs in 
applications 

BrainMaker; Network 
Toolkit; BrainMaker 
Professional (DOS, 

MAC) 

BP 

BrainMaker 

Accelerator; 

Professional 

Accelerator (DSP- 
based AT cards) 

Software, 

$195-$795; 
hardware, $2k-$13k 

HNC Inc. 

San Diego, CA 

ExploreNet is a Windows-based 
tool supporting popular algo¬ 
rithms and offering a path to 
hardware acceleration with the 
Balboa 860 

ExploreNet; 

KnowledgeNet; 

DataBase Mining 
Workstation (Windows, 
Sparc, RS6000) 

BP, Counter¬ 
propagation, 
LVQ2, SOM, 

ART, PNN, 
others 

Balboa 860 (DSP- 
based AT/VME card); 
HNC SNAP (NN- 
chip-based card) 

Software, 

$395-$16k; 

hardware, 

$7.2k-$60k 

IBM Corp. 

Rochester, MN 

Neural Network Utility is an inter¬ 
active environment for devel¬ 
opment, a runtime one for de¬ 
ployment, and an API for appli¬ 
cations 

Neural Network Utility/2; 
Neural Network 

Utility/400 (OS/2. 
Windows, OS 400) 

BP, ART1, 

SOM, con¬ 
straint satis¬ 
faction (ex¬ 
tendable with 
API) 


Software, 

$500-$14k 

Intel Neural 

Network Group 

Santa Clara, CA 

Electrically Trainable Analog 

Neural Network (Etann) accel¬ 
erates multilayer feedforward NNs; 
each chip has 64 analog proces¬ 
sors and nonvolatile weights 

iNNTS: iBrainMaker; 
iDynaMind; training 
software interface library 
(DOS) 

BP, Recurrent 

BP, Madeline 

III 

80170NX Etann chips; 
iNNTS development 
tools (with 2 chips); 

Etann multichip board 

Chips, $940; devel¬ 
opment tools, 
$11.8k-$22k 

Nestor Inc. 
Providence, Rl 

RCE, a proprietary classification 
algorithm, works with Nil 000, a 
neural network chip developed 
with Intel 

Nestor Development 
System (NDS); devel¬ 
opment tools for Nil 000 
chip 

Restricted 

Coulomb 

Energy (RCE) 

Nil 000 (in conjunction 
with Intel) 

NDS, $2995; 

Nil 000, contact 
vendor 

Neural Systems 
Vancouver, BC, 
Canada 

, Genesis is an NN development/ 
deployment tool featuring a 
variant of BP with no need for ex¬ 
plicit target results 

Genesis (DOS) 

BP 


Software, $995 

NeuralWare 
Pittsburgh, PA 

NeuralWorks is a comprehensive 

NN development environment of¬ 
fering many algorithms and 
running on many platforms 

NeuralWorks 

Professional 11/Plus 
(DOS, Mac, Unix, VMS) 

ART, BP, LVQ2, 
PNN, RBF, 

SOM, Cascade 

Correlation, 

others 


Software, 

$1895-$8k 

Neurix 

Cambridge, MA 

MacBrain is an interactive NN sim¬ 
ulator with customization hooks 
and a toolkit for SuperCard or 
HyperCard 

MacBrain (Mac) 

BP, Hopfield, 
Hebbian 


Software, $1495 

NeuroDynamX 
Boulder, CO 

DynaMind creates, trains, and im¬ 
plements NNs, and has a user- 
friendly interface; DynaMind 
Developer adds a C library for ap¬ 
plications 

DynaMind 4.0; 

DynaMind Developer 
(DOS) 

BP, Recurrent 

BP, Madeline 

III 

Neural-Accelerators 
(DSP-based AT cards) 
(DynaMind also with 

Intel Etann) 

Software 

$295-$1295; 

hardware, 

$3.5k-$9k 

Ward Systems 

Group 

Frederick, MD 

NeuroShell is a development tool 
that works with spreadsheet files; 
Neuro Windows is a dynamic link 
library 

NeuroShell (DOS); 
NeuroShell 2; 
NeuroWindows 
(Windows) 

BP, SOM, 
general re¬ 
gression NNs, 
PNN 

NeuroBoard (RISC- 
based PC card) 

Software, 

$195-$495; 
hardware, $1595 


API = Application Program Interface; ART = adaptive resonance theory; BP = back propagation; DSP = digital signal processing; LVQ2 = learning vector quantization; NN = neural network; PNN = probabilistic neural 
networ1(; RISC = reduced-instruction-set computing; SIMD = single-instruction, multiple-data; SOM = self-organizing map. 


leam after deployment. 

DEVELOPMENT. Designing and training neural 
networks is a new branch of pattern recog¬ 
nition, in which aspects of statistics, pro- 
granuning, and signal processing combine 
with techniques unique to the networks. 
This interdisciplinary blend is a hallmark of 
an emerging specialty. 

Part of evaluating the suitability of neural 


networks for an application is knowing the 
tasks needed to make them work, including 
design and training, selection of a general 
design procedure as well as the practical de¬ 
velopment tasks, and the evaluation of 
design choices and tradeoffs. 

In general, it is best to try to build what is 
known about the problem into the data and 
into the network. For instance, suppose the 


neural network must discriminate among C, 
G, 0, and Q. Here, the right side of the 
character is the most distinctive, so that the 
neural network could be trained with data 
from only ±e right sides. While it could 
learn to ignore the left sides on its own, 
forcing it to leam something already known 
only complicates its task. Alternatively, 
several neural networks could be trained to 
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detect distinguishing parts of letters used 
for final classification. Either way, building 
knowledge into the design almost always 
makes the neural network simpler and more 
accurate. 

CREATING A DATA SET. The first and usuaUy 
longest step in development, and also gen¬ 
erally the most critical to eventual success, 
is the creation of a data set. Tasks here 
include gathering raw data, analyzing it, se¬ 
lecting variables, and preprocessing the data 
so that the network can learn efficiently. 
Some practitioners claim that collecting 
proper data is nine-tenths of the job. 

Data is, in any case, paramount for a 


neural network: it is an empirical system. It 
can recognize new examples of the patterns 
used to train it, but only if they resemble the 
training patterns. For example, one trained 
to recognize A and B can spot new As and 
Bs, but not Cs and Ds. 

The broad goal is to build a file of a series 
of input patterns, each of which is a set of 
measured values. Those networks that learn 
from a known result also require a target 
result for each input pattern. The entire 
pattern is usually seen as a vector, and the 
individual values as vector components. 
Building the input patterns generally re¬ 
quires choosing among many measurable 


variables. An industrial process, for instance, 
might permit monitoring pressures, tem¬ 
peratures, and flows at hundreds of points. 

Which inputs are best? Here familiarity 
with the application is invaluable. Training a 
neural network to rate credit risks, for in¬ 
stance, implies having (or acquiring) ex¬ 
pertise in credit rating; machine learning 
does not replace human skill. Also key to 
judging relevance is inspecting the raw data, 
typically by means of statistical techniques. 
(Calculating the strength of the correlation 
between an input and an output, for 
example, suggests whether to include or 
exclude the variable. Similarly, a strong cor- 


• Learning vector quantization (LVQ2). This clas¬ 
sifier adjusts the boundaries between categories to 
keep misclassifications to a minimum. An LVQ2 
network has a single layer of computational nodes 
[red circles, below], each representing one class or 
subclass. For each input pattern [red arrows], LVQ2 
finds fhe best-mafch output node [purple arrow], 
thereby classifying the pattern. 

LVQ2 does not train through gradient descent. 
Instead, it finds fhe output node closest to the 
training pattern. If the training pattern’s class differs 
from the output node's class, then LVQ2 finds the 
next-best match. If the next-best match has the 
correct class, then LVQ2 moves the best-match (but 
incorrect) node “farther” from the training pattern 
and the next-best (but correct) node "closer” to it. 
This process, called competitive learning, in effect 
moves the boundary between classes until it ap¬ 
proximates the optimum position. 

LVQ2 is commonly used for opfical character 
recognition, converting speech or text into 
phonemes, and similar tasks. Unlike BP, it does not 
directly capture nonlinear features; it is also com- 



Learning vector quantization 


putationally simpler. LVQ2 was developed by Teuvo 
Kohonen, a professor af the Laboratory of Computer 
and Information Science at Helsinki University, in 
Finland. 

• Probabilistic neural network (PNN). This clas¬ 
sifier instantly approximates the optimum 
boundaries between categories, assuming that the 
training data is a representative sample. A network 
of this type has two hidden layers. The first [blue 
circles, next column] contains a dedicated node tor 
each training pattern; the second [orange circles] 


Popular neural network algorithms 

The neural network described in the main text is 
currently the favorite. Many other networks have 
been developed, however, and might serve a given 
purpose better. The following descriptions of five 
representative networks offer a sense of how they 
work. 

• Adaptive resonance theory (ART). In its most 
basic form, an ART network has two interacting 
layers. A pattern enters the network through the 
input layer [red circles], which encodes it and 
passes it to the output layer [purple circles] over 
weighted connections. The output layer then finds 
the output node closest to the pattern, suppresses 
the remaining nodes, and passes this “result” back 
to the input layer over a second set of weighted con¬ 
nections. 

The input layer then finds ifs own result. If both 
results agree, then ART has identified fhe correcf 
category, and the layers are said to be in adaptive 
resonance. If they do not agree, then ART tries the 
next-best match, and so on with the remaining 
output nodes. These alternatives might seem like 
worse candidates. Actually, ART trains contin¬ 
uously, so the weights differ slightly at each pre¬ 
sentation. Eventually the layers resonate. Other 
mechanisms regulate learning [blue]; the overall 
effect is that ART finds categories autonomously 
and learns new categories if needed. 

ART’S continuous learning is one of its key 
benefits. Many other neural networks assume that 



the probability distributions in the data do not 
change over time. ART can follow nonstationary 
distributions, however, an asset for dynamic 
processes, and if does not require labeled training 
data. ART was developed by Stephen Grossberg at 
the Center for Adaptive Systems, Boston University, 
Massachusetts. 

• Cascade correlation (CC). CC is like BP, except 
that ft can automatically add hidden nodes [blue. 



above] during training. Training starts with only 
input and output nodes [red and purple, respec¬ 
tively, above]. If this minimal network cannot be¬ 
come accurate enough, then CC creates a set of 
nodes connected to the inputs but not to the 
outputs. These nodes are candidates for addition to 
the network as hidden nodes. CC then trains them 
using a type of gradient descent to maximize the 
correlation between each candidate and the residual 
output error. 

When the correlation stops improving, CC 


Adaptive resonance theory 


[blue dots], and connects it to the output layer. This 
new hidden node becomes a permanent part of the 
network, and the output weights [purple dots] are 
retrained with the new node in place. This con¬ 
structive process continues until the network 
reaches sufficient accuracy. Each new hidden node 
receives the network inputs plus the output from all 
previous hidden nodes, thereby forming a cascade 
of hidden nodes rather than a single hidden layer. 
CC thus determines its own size and topology, au¬ 
tomatically generating a network of near-minimal 
size. CC eliminates guessing about the optimum 
number of hidden nodes and trains faster than BP. 
It was developed by Scott Fahiman, senior research 
computer scientist at Carnegie Mellon University, 
Pittsburgh. 
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relation between two inputs might suggest 
that only one is needed. 

After picking out the most significant 
inputs, most neural network developers 
examine their distributions. An input with a 
highly skewed distribution, for example, 
might require compensation for the skew, 
perhaps by scaling or o±er preprocessing. 
Most practitioners also inspect each variable 
for outliers, which are anomalous values 
outside the typical distribution. Some out¬ 
liers are errors that can be corrected. 
Others are extreme but genuine values, 
which could be clipped so they do not have 
an undue influence. 



Probabilistic neural network 


contains a dedicated node for each class. The two 
hidden layers are connected on a class-by-class 
basis—that is, the multiple examples of the class 
in the first are connected only to the single 
matching node in the second. Each “pattern" node 
[blue] calculates the weighted sum of its inputs plus 
bias terms, then passes the sum through a usually 
exponential function. Each “summation” node 
[purple] then sums the output strengths from the 
connected pattern nodes, or from all the examples 
of its class. 

The pattern nodes pass their results to the output 
node, which compares them to find fhe “winning" 
class. In essence, PNN uses the training patterns to 
estimate the class probability distributions—each 
new input is classified according to the weighted 
average of the closest training examples. This 
network generalizes by means of a nonlinear 
"smoothing” function controlling behavior in the 
regions between the pattern nodes. Choosing the 
right value for the smoothing parameter influences 
fhe network’s accuracy. PNN “trains” by simply 
storing the training patterns, not by using an it¬ 
erative process. It therefore learns very rapidly, but 
large data sets require large networks. Clustering 
techniques can reduce network size. PNN was de¬ 
veloped by Don Specht, consulting scientist at the 
Lockheed Palto Alto Research Laboratory. 

• Self-organizing map (SOM). This clustering al¬ 
gorithm creates a map of relationships among input 
patterns. The map is a reduced representation of the 
original data that preserves its topological rela¬ 
tionships—that is, the map has fewer dimensions 
but the clusters keep their relative positions. SOM 
creates the map from a random starting point 


Mathematical or statistical software 
packages offer a wide range of other tech¬ 
niques for evaluating data. Data analysis 
helps weed out the potential input variables 
so that only the most telling ones are used to 
build the training patterns. Data analysis also 
helps identify cycles, trends, and other rela¬ 
tionships that can be extracted by prepro¬ 
cessing. 

Preprocessing means transforming the 
data so that it becomes easier for the 
network to learn from. In fact, the form of 
the training data influences the results 
almost as much as the content. While on oc¬ 
casion data may be used raw, more often, it 


without target results. A SOM network resembles an 
LVQ2 network. Both have a single computational 
layer [blue circles, below] and use a distance metric 
to find the output node [purple] closest to a given 
input pattern [purple]. But unlike LVQ2, SOM output 
nodes do not correspond to known classes, but to 
unknown clusters that SOM finds in the data au¬ 
tonomously. 

■■:i During training, SOM finds the output node that 
has the least distance from the training pattern. It 
then changes the node’s weights to increase its sim¬ 
ilarity to the training pattern. It also changes the 



Self-organizing map 


weights of a block of adjacent nodes even though 
they have only random relationships to the training 
pattern. Each winner thus influences its neighbors, 
and different training patterns trigger different 
winners with different neighbors. The overall effect 
is to move the output nodes to “positions” that map 
the distribution of the training patterns. After 
training, each node's weights model the features 
that characterize a cluster in the data. 

SOM finds natural clusters or feature similarities 
from unlabeled training data. Examples of SOM ap¬ 
plications include data compression, feature ex¬ 
traction, and preprocessing weights or data for 
other networks. 

A data compression application, for example, 
could use SOM to find clusters in a sample of un¬ 
compressed data. During training, the network 
changes its weights so that each output node stands 
for a cluster. After training, the network encodes 
data by matching each uncompressed pattern to the 
closest output node. SOM was developed by Teuvo 
Kohonen, of Helsinki University, who also de¬ 
veloped LVQ2. . —D.H. 


is transformed to yield salient features and 
to highlight high-order trends. In a process 
control application, for example, the absolute 
temperature might matter less than the rate 
of change, and transforming thermometer 
values into differences or differentials gives 
the neural network a head start. 

Preprocessing may involve any mathe¬ 
matical operation. Common techniques in¬ 
clude calculating sums, differences, differ¬ 
entials, inverses, powers, roots, logarithms, 
averages, moving averages, and Fourier 
transforms. Any signal-processing or fea¬ 
ture extraction technique can be used. Sim¬ 
ilarly, one neural network may prepare data 
for another by, for instance, clustering the 
data before classification. 

How much data is enough is a complex 
issue, and often affected by practical con¬ 
cerns such as the cost of gathering data. In 
generaL the training set must provide a rep¬ 
resentative sample of the data the network 
will process in the finished application. 
Large training sets reduce the risk of un¬ 
dersampling the underlying function. (As in 
fitting a curve to a set of points, the more 
numerous the points, the better the es¬ 
timate.) Too small, noisy, or skewed a 
training set, and the network can learn it 
perfectly but fail in the final application. 

In practice, a sufficiency of data depends 
on several factors: network size, testing 
needs, and input and target distribution. The 
size of the network matters most. A big one 
usually needs more training data than a 
small one. A rule of thumb is to have five to 
10 training patterns for each weight. One 
reason for care in selecting input and output 
variables is to keep the network small, so 
that less data is needed to train it. 

Testing requires an independent data set. 
A simple way to prepare one is to divide the 
available data into two parts, holding back 
(say) one-third for testing. Selecting the 
testing patterns at random minimizes unde¬ 
sirable correlations between the training and 
testing data. Holding back a test set, how¬ 
ever, leaves less data available for training 
(although techniques such as cross-vali¬ 
dation do permit training and testing with 
±e same data). 

Another factor is the distribution of the 
input patterns and target results. Clustered 
distributions tend to decrease the amount of 
data needed. Distributions with subtle, over¬ 
lapping features tend to increase it. 
CONFIGURATION. Designing a neural network 
can be as simple as selecting a commercially 
available network, implemented in software, 
hardware, or combination thereoff, and con¬ 
figuring it to agree with the data. It can be as 
complex as coding a fully custom network 
from scratch—an approach beyond the 
scope of this article. 

Neural network design choices include 
defining the behavior of the nodes, the 
training procedure, the topology of the net¬ 
work, and the values of the training param¬ 
eters. Using commercial software typically 
sidesteps the low-level choices, since the 
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general network structure and behavior are 
built in as standard, selectable algorithms 
[see table]. What remains is choosing an al¬ 
gorithm, configuring a network to agree 
with the data, and training it while selecting 
values that influence training. 

Assuming standard software, the first 
choice is which network to use. This de¬ 
cision is closely tied to the data and appli¬ 
cation, making it difficult to offer general 
advice. Probably the best place to start is to 
study the best-known networks [see “Pop¬ 
ular neural network algorithms,” p. 501. If 
possible, also study previous neural network 
applications that are like the task at hand. 
Proceedings of technical conferences spon¬ 
sored by the IEEE and others include many 
papers on successful applications. 

While there are no hard-and-fast rules for 
matching algorithms to applications, a few 
broad guidelines may be based on the 
strengths, weaknesses, and requirements of 
individual algorithms. BP algorithms, for in¬ 
stance, tend to do well at function estimation 
and time series tasks, especially if the 
desired result is easily expressed as a set of 
continuously variable values. BP is also good 
at representing complex, nonlinear rela¬ 
tionships in the form of a compact, efficient 
network. Finally, BP is relatively easy to use. 

On the other hand, BP tends to learn 
slowly, which has limited it to problems that 
tolerate off-line learning or that have rela¬ 
tively stable underlying relationships. Finally, 
it is not guaranteed always to find the best 
solution. 

Learning vector quantization (LVQ2), to 
take another example, can be an excellent 
classifier, especially if the desired result is 
easily expressed as a token representing a 
category. This characteristic makes LVQ2 a 
natural for, say, optical character recog¬ 
nition. On the other hand, LVQ2 is less 
suited to more general function estimation 
tasks or time series prediction tasks. Also, 
its computational simplicity is sometimes 
offset by the need to use more nodes to get 
the same results as an equivalent multilayer 
network. 

Sometimes the available data dictates the 
choice of network. For example, BP, 
LVQ2, and many other algorithms are 
supervised and must have training data 
labeled with target results. If target 
results are unknown, then supervised 
algorithms are useless. This leaves un¬ 
supervised algorithms such as self-or¬ 
ganizing map (SOM), mainly useful for 
clustering and data compression appli¬ 
cations. Unsupervised algorithms are 
also often used in conjunction vnth 
other algorithms, for example, to pre- 
process data for them. 

An example might be a situation 
where plenty of training data exists, 
but only a fraction has been labeled. 

Here, a SOM network could place the 
unlabeled data in clusters centered on 
the labeled examples, thereby labeling 
the remaining data. 


Often, several networks seem equally 
suitable. Many perform classification, for in¬ 
stance, and typically there is no way to 
decide beforehand which is best for the 
problem. One suggestion is to forget about 
finding a theoretical rationale, especially 
since the training data contains unknown re¬ 
lationships, and instead to try several 
plausible candidates, then focus on the best 
one. 

After choosing a network, the next step is 
configuring it by setting the number of input 
and output nodes to agree with the number 
of inputs and outputs in the data. Some 
networks require extra values to be as¬ 
signed. A BP training, for example, requires 
a preliminary value for the number of 
hidden nodes—the final value depends on 
experiments during training. 

Some neural network software permits 
control over other aspects of network con¬ 
figuration. For a BP training, for example, 
the software implementing the algorithm 
might allow changing the number of hidden 
layers, the type of transfer function, the fre¬ 
quency of weight updates, and other factors. 
Additional structural variations include 
limiting the number of weights by omitting 
some connections or by sharing weights 
among connections. These refinements 
sometimes add extra speed or accuracy in a 
finished application. 

TRAINING AND TESTING. The final devel¬ 
opment step is training and testing the 
network. During training, most of them 
cycle through the data repeatedly, changing 
the values of their weights to improve per¬ 
formance. Each pass through the training 
data is called an epoch, and the neural 
network learns through the overall change 
in weights accumulating over many epochs. 
Training continues until the values of the 
weights cause the network to map input 
patterns to appropriate results. 

The glamorous fact that neural networks 
learn the training data sometimes obscures 
the awkward detail that not everything they 
learn is useful. A network can learn some¬ 
thing different from what its trainer had in 
mind. It can also memorize the training ex¬ 


amples without learning what they have in 
common. In an extreme case, a neural 
network acting as a look-up table may rec¬ 
ognize every training pattern but not even 
one novel pattern. Results measured with 
the training data therefore say very little 
about the neural network’s reliability in the 
application. A neural network is useful only 
if it returns appropriate results with data not 
used to train it. Measuring this ability, called 
generalization, requires testing the network 
with an independent data set. 

During testing, the network passes the 
testing patterns fonvard through itself and 
calculates a performance index such as 
mean squared error without changing the 
weights. The real goal during training is 
test-set, not training-set, accuracy. A good 
way to achieve this goal is to interleave 
training and testing, trying different 
network configurations while monitoring a 
performance index. Testing during training 
shows when to end training to prevent inap¬ 
propriate memorization, also called “over¬ 
training.” It also shows which configuration 
is best. 

Trsdng different configurations is a 
matter of changing parameters that control 
network structure and behavior. For 
backward propagation, these parameters set 
such things as the size of the update applied 
to the weights, the number of input patterns 
between each pair of updates, and the num¬ 
ber of hidden nodes. The parameter values 
assigned can have a large impact on the per¬ 
formance of the system. As there is seldom 
any vray of deducing the best values, training 
requires experimentation. 

Training is therefore an interactive 
process: the trainer tries a configuration, 
evaluates a result, makes a change, tries it 
again, and so on until satisfied. This trial- 
and-error approach has hampered neural 
network development, because it has often 
been impractical to try enough combinations 
of parameters. Parallel hardware, though, 
makes systematic methods more feasible. 
Given sufficient computational speed, the 
developer can write a program that in¬ 
crements several parameters in nested 
loops, exploring all permutations to find 
the best generalization. 

The parameters controlling network 
size have a large impact on general¬ 
ization. In a network using BP training, 
the number of hidden nodes has a par¬ 
ticularly large impact. These networks 
with too many hidden nodes tend to 
memorize the training data; those with 
too few cannot learn to answer the 
problem. Choosing an appropriate 
number is a good illustration of training 
through experimentation. It also 
exposes the statistical issues affecting 
generalization. 

A large network has many weights 
with which to represent the details of a 
function. For complex functions, this is 
an advantage, if the training data is suf¬ 
ficient for an accurate model. Other- 



[3] Network training aims for a configuration that can 
generalize to nontraining data. For a back propagation 
training procedure, generalization may be evaluated by ex¬ 
amining mean squared error measured with an inde¬ 
pendent data set. Test-set error typically falls at first, then 
rises when the network begins to memorize the random 
details in the training data. Ending training at the 
minimum point yields the best performance with non¬ 
training data. The configuration with the lowest residual 
test-set error is the best for the problem. 
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wise, excessive weights can be a drawback, 
since the neural network can use them to 
memorize the training data. A smaller 
network has fewer weights, forcing it to 
learn the underlying function and permitting 
it to generalize teyond the training data. Too 
small a network cannot learn the problem at 
all, however. 

A critical goal during training is to find a 
network that is large enough to learn the ap¬ 
plication but small enough to generalize well. 
The best performer is the network with the 
fewest weights needed to process the 
testing data accurately. In practice, this 
“ideal” size is related to the quantity 
and quality of the training data. 

Many methods have been described 
for eliminating weights, including 
pruning out those that do not con¬ 
tribute to accuracy, omitting them 
between some nodes, and sharing 
them among some connections. The 
simplest is limiting the number of 
nodes, since each node has many 
weights. The number of input and 
output nodes depends on the data and 
is fbced during training. As a result, 
choosing the number of weights is the 
same as choosing the number of hidden 
nodes. 

A reasonable strategy is to start with a 
few hidden nodes and increase the number 
while monitoring generalization by testing at 
each epoch. The most common index of 
generalization for BP is mean squared error, 
calculated by squaring each error, summing 
the squares, then averaging the sum by 
number of outputs and data patterns. A good 
technique for preventing overtraining is to 
stop when the mean squared error yielded 
by the testing set stops improving. 

Test-set and training-set mean squared 
error both typically fall rapidly at the be¬ 
ginning of training as the network moves its 
weights away from their original random po¬ 
sitions. In time, both curves become flatter. 
Typically, training-set error continues to 
decline, but test-set error eventually begins 
to increase [Fig. 3]. This increase shows that 
the network has stopped learning what the 
training patterns have in common with the 
test patterns and started to learn mean¬ 
ingless differences. This overfitting of the 
training data harms the network’s ability to 
generalize, since it is merely memorizing the 
noise in the training data. 

As a result, the mean squared error mea¬ 
sured with the training set can be a de¬ 
ceptive index of performance. In fact, a 
network with a falling training-set error may 
be getting worse on test-set performance. 
Again, for best generalization, training 
should stop when test-set mean squared 
error reaches its lowest point (usually iden¬ 
tified after the fact). Purser learning offers 
no benefit, and the fact that one configu¬ 
ration ultimately reaches a lower training- 
set mean squared error than another is no 
basis of choice between them. 

The real basis of choice is the error re¬ 


maining at the best test-set performance. 
This residual error varies with configu¬ 
ration. The network with the least residual 
error is assumed to be the best one for the 
problem. 

The number of hidden nodes influences 
the residual error. Ideally, there is some 
optimum number of hidden nodes producing 
the smallest residual error, with larger and 
smaller numbers of hidden nodes both pro¬ 
ducing larger errors. Real networks trained 
with real data do not alvrays exhibit this be¬ 
havior cleanly. Nevertheless, monitoring 
error measured with a separate test set 


A critical goal during 
training is to find a 
network large enough to 
learn the task but small 
enough to generalize 


while varying the number of hidden nodes is 
a key strategy for optimizing performance 
with a BP training. 

Many of the details described above are 
specific to BP. For example, the value used 
to measure performance varies from al¬ 
gorithm to algorithm, which also vary in 
their susceptibility to overtraining. Never¬ 
theless, the basic approach—experimenting 
with parameters while monitoring a per¬ 
formance index—applies to neural network 
training generally. The technique of inter¬ 
leaving the processes of testing and training 
is also widely applicable. 

WHAT NEXT? For many, the jumping-off point 
is a commercial software package. These 
packages start at a few hundred dollars and 
run under DOS, Mac, or Unix. Commercial 
software often makes initial exploration 
easier because it bypasses programming the 
neural network algorithms. If the final appli¬ 
cation can run fast enough on a PC or work¬ 
station, then the commercial packages may 
be sufficient. 

The table lists some representative de¬ 
velopment s3rstems currently available for 
neural networks. It includes both software 
and hardware systems, focusing on general- 
purpose tools and omitting systems aimed at 
niches such as financial forecasting and 
optical character recognition. Programmers 
who want more insight into the algorithms 
should consider coding them from scratch. 
For BP, try D. Rumelhart and J. Mc¬ 
Clelland’s Parallel Distributed Processing 
series, which includes the classic description 
of BP as well as a disk with sample code. 

Many long-time neural network research¬ 
ers have written entire suites of develop¬ 
ment tools for themselves. Their efforts re¬ 
flect the newness of the discipline as well as 
their need for flexibility during research. 


The increasing maturity of commercial 
packages makes getting started much 
easier, especially if the goal is practical ap¬ 
plication rather than pure research. 

Depending on network size and appli¬ 
cation requirements, the trained neural 
network might or might not run fast enough 
on a workstation or desktop PC. Accelerator 
cards based on digital signal processors 
improve speed. Parallel hardvrare dedicated 
to neural network and similar applications is 
even faster, permitting large networks for 
real-time applications. 

TO PROBE FURTHER. Applications of neural 
networks to such tasks as optical char¬ 
acter recognition, financial forecasting, 
and process control are discussed in 
“Neural networks at work,” by this 
author, IEEE Spectrum, June 1993, pp. 
26-32. A paper citing more than 150 
references is listed in that article’s To 
probe further. 

Among relevent societies and- 
conferences is the IEEE’s Council on 
Neural Networks, which is sponsoring 
the International Joint Conference on 
Neural Networks to be held Oct. 25-29 
in Nagoya, Japan. Contact: Toshio 
Fukuda, Nagoya University, Department of 
Mechanical Engineering, Furo-Cho, Chi- 
kusa-Ku, Nagoya, Japan; (81+52) 781 5111, 
ext. 4478/3301; fax, (81+52) 781 9243. Also, 
the IEEE’s Information Theory Society 
sponsors the Neural Information Processing 
Systems (NIPS) meeting, held toward year- 
end in Denver, CO. 

The European Neural Network Society 
(ENNS) sponsors the International Con¬ 
ference on Artificial Neural Networks 
(ICANN). 

The International Neural Network So¬ 
ciety (INNS) sponsors the World Congress 
on Neural Networks (WCNN), which this 
year is being held July 11-15 in Portland, OR. 
Contact: INNS, Suite 300, 1250 24th St., 
N.W., Washington DC 20037; 202-466-4667. 

Papers discussing neural networks appear 
regularly in the IEEE Transactions on 
System, Man and Cybernetics and in the 
IEEE Transactions on Neural Networks. 
Other periodicals include the International 
Journal of Neural Systems from World 
Scientific Publishing; Neural Computation 
from MIT Press; Neural Networks, by 
Pergamon Press; and the journal of the 
INNS. ♦ 
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CAREERS/CONVERSION 


The Calstart consortium 


Many eyes are on an 
ent^rising attempt to solve 
the ‘peaceproblem ’ by 
creating an electric vehicle 
industry in California 

ne of the most ambitious— 
and problematic—defense 
conversion endeavors to 
date can be found in an 
abandoned aircraft plant 
near ±e Burbank, CA, 
airport. There, in a 14 500- 
square-meter facility do¬ 
nated by Lockheed Corp., a private consor¬ 
tium called Calstart is working to create an 
electric vehicle industry that it hopes will 
utilize the engineers and other specialists 
idled by the aerospace industry’s eight-year 
decline. 

The goals are ambitious: a raft of sophis¬ 
ticated aerospace technologies harnessed 
for the commercial marketplace; gov¬ 
ernment-industry partnerships spurring 
economic growth; and 55 000 new jobs by 
the end of the decade. In the year since its 
debut, Calstart has made great progress. 

“We are ahead of schedule on almost 
every front,” said Mike Gage, a former 
deputy mayor of Los Angeles, who recently 
took over command of the enterprise hh 
from Lon Bell, one of its founders. 

HIGH-TECH JUDO. Calstart hopes to 
succeed by taking advantage of a factor 
that is usually cited as a weakness of 
California’s economy-—the state’s 
stringent environmental regulations. 
Those regulations require, among 
other things, that, starting in 1998, 2 
percent of all vehicles under 1700 kg 
sold in California—about 40 000 
cars—must produce zero tailpipe 
emissions. The 2 percent figure rises to 
5 percent just three years later, and to 10 
percent, equal to 200 000 cars, by 2003. 

So far, the consortium has secured 
almost US $20 million in funding—$14 
million from industry backers and the re¬ 
mainder from Federal and state grants. It 
has already produced a showcase electric 
vehicle, or SEV, which has made the rounds 
of the big automobile shows [Fig. 1], and it 
has sponsored the production of an electric 
bus for in-city trips in the seaside com- 

David Lynch Contributing Editor 



munity of Santa Barbara [Fig. 2]. 

Yet, just six people form Calstart’s 
salaried staff. Another 75 or so are in res¬ 
idence, representing member companies 
participating in the consortium. 

Within the beige walls of its head¬ 
quarters, Calstart is busy on a variety of 
nuts-and-bolts chores. Across California, the 
Los Angeles Department of Water and 
Power has installed 80 of a planned 140 
electric vehicle (EV) charging stations, the 
key infrastructure element needed to make 
EVs viable. Most have been placed in public 
garages, parking lots, and corporate motor 
pools. Training videos also are being 
prepared to educate police and fire per¬ 
sonnel on procedures for dealing with ac¬ 
cidents involving battery-powered cars. 

But while there are high hopes for this 
first-of-its-kind grouping of more than 40 
high-tech corporations, utilities, unions, uni¬ 
versities, and government agencies, Calstart 
faces an array of daunting obstacles and nu¬ 
merous skeptics. 

For Calstart to reach its goal of 55 000 
new jobs by the year 2000, it will have to 
capture a third of the world market in EV 
components. By the early years of the next 
century, ±at market will comprise annual 
production of about 800 000 EVs, Gage es¬ 
timates. Although program officials say 
California’s existing cadre of sophisticated 
aerospace designers give it a leg up in that 


To create 55 000 more jobs 
by the year 2000, Calstart 
will have to capture 
a third of the world market 
in EV components 


effort, it will face numerous competitors. 
After all, the top auto makers in Europe, 
Japan, and ±e United States are saddled 
with excess plant and labor capacity. 
AGAINST THE FLOW. At a time when manufac¬ 
turers are fleeing California’s costly, regu¬ 
lation-ridden business climate, it is difficult 
to see why the advanced transportation in¬ 
dustry should be immune. Earlier this year, 
concern over the state’s economic prospects 
grew so serious that Governor Pete Wilson 
convened an economic summit in Los 
Angeles. High-level corporate and political 


figures came from across the state to find 
some way to stem the hemorrhage of man¬ 
ufacturing jobs. 

Industry’s complaints by now are familiar. 
California’s tough air-quality regulations 
boost costs and slow business decisions. The 
state’s workers’ compensation system has 
earned national notoriety as a symbol of 
abuse and waste. And state political leaders 
until recently have appeared indifferent to 
the business community’s concerns. 

Said Richard Dore, a Hughes Aircraft Co. 
spokesman: “[The EV] industry has the po¬ 
tential to generate a lot of jobs. The 
question is where the jobs are going to be. 
But you have to be realistic. It’s unlikely that 
win happen in California.” 

A1989 plant-location study conducted for 
one California aerospace contractor found 
that the state was a far more costly place to 
do business than alternative sites. Average 
hourly wages and benefits were $17.38, 
compared with less than $12 for nine of 10 
other states surveyed. Including adminis¬ 
trative and overhead costs, California 
totaled $43.42 per hour, nearly 20 percent 
higher than sites in Utah and Arizona, ac¬ 
cording to the Los Angeles County 
Aerospace Task Force. General Motors 
Corp., which closed its Van Nuys car plant 
several months ago, said it cost almost $700 
more to produce a car in California than in 
the Midwest. 

im Electric vehicle industry supporters 
recognize the problem and believe leg¬ 
islative relief from Sacramento will be 
needed. “Unless we do something 
about these problems, then everything 
else is just wishful thinking,” said 
Malcolm Currie, an EV backer who 
moved parts of Hughes Aircraft to 17 
other states when he was chairman of 
the defense electronics giant in the 
1980s. 

Currie, who stepped down from 
Hughes’ top job in March 1992, has 
joined with two other principals in setting 
up Electric Vehicles Corp., which plans to 
take over some or all of the Van Nuys auto 
plant shuttered by GM. This veteran sci¬ 
entist, who helped pioneer some of the U.S. 
military’s most advanced radars, satellites, 
and weaponry, appears genuinely excited 
about prospects for converting aging gas 
guzzlers into EVs in the old GM plant. “I 
see electric vehicles as a burgeoning new 
industry and I want to be a part of it,” he 
said. “I am working twice as hard as I ever 
have.” 
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[1] Calstart’s Showcase 
Electric Vehicle (SEV) 
weighs 1200 kg, of 
which 380 kg is ac¬ 
counted for by its deep- 
discharge lead-acid bat¬ 
tery. The car has a 
range of 160 km for 
stop-and-go driving. Its 
Peltier-effect heating 
and cooling system cuts 
its climate-control bud¬ 
get by a factor of five. 

[2] This Calstart-spon- 
sored 30-passenger elec¬ 
tric bus has a range of 
115 km and a top speed 
of 55 km/h. The vehicle 
is built by Bus Manu¬ 
facturing USA Inc., 
Goleta, CA. The Santa 
Barbara Municipal 
Transit District has 
found its operating costs 
to be below those of die¬ 
sel buses—even when 
battery replacement is 
taken into account. 


At GM, which has placed its own electric 
car project on hold, executives are politely 
incredulous. “We are just shaking our head 
wondering how they are going to do all that 
and make a profit,” said Robert Wragg, who 
represents GM’s electric vehicle program 
in California. 

Still, California’s high costs are offset to 
some degree by an impressive technological 
infrastructure. First-rate universities, a 
network of advanced research facilities, and 
a dense cluster of aerospace suppliers 
stretching across the lower third of the 
state all make the state attractive for new 
high-tech ventures, Calstart’s proponents 
say. Likewise, California is where the 
market for EVs will most probably get 


started, fueled by environmental legislation. 
Calstart supporters acknowledge they vrill 
need help to develop an electric vehicle in¬ 
dustry in the state. Tax credits for con¬ 
sumers who purchase electric cars, as well 
as investment credits for companies trying 
to compete, are vital. 

BOND ISSUE. In March, three state senators 
introduced an eight-part legislative package 
that would authorize a $100 million “clean 
transportation” bond measure to fund EV 
research and development, offer consumers 
rebates for purchasing EVs, and set up EV 
charging stations, as well as providing a 
range of other services. 

But others are calling for bolder steps. 
“There needs to be a tremendous design 


effort from a national perspective,” said Lou 
Kiefer of the International Association of 
Machinists and Aerospace Workers, which 
is backing Calstart. “It’s going to take a 
moonshot effort.” 

High prices are expected to be the initial 
obstacle to widespread consumer ac¬ 
ceptance for EVs. California residents 
already are eligible for a 10 percent subsidy 
in the form of a Federal tax credit plus a 
separate $1000 state tax credit on the 
purchase of an electric car valued up to 
$40 000. Gage would like the state credit to 
be $5000—a goal he considers achievable, 
given the environmental and economic 
pluses of a home-grown EV industry. 

What Calstart is seeking is an EV in- 
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dustry cluster in Los Angeles, no less identi¬ 
fiable and self-contained than other 
economic groupings in Silicon Valley, 
Pittsburgh, Detroit, New York City, and 
elsewhere. According to a May 1991 study 
by the University of California, Los Angeles, 
“The goal of policies to encourage early lo¬ 
cation in Southern California is to attempt 
to lock the region in as the first comer in a 
large-scale electric vehicle industry.” 

Proponents say an EV industry is likely to 
emerge first through ±e efforts of small, 
second-tier high-tech companies that will 
supply components to the Big Three car 
makers. Some in Detroit believe Calstart’s 
ultimate aim is production of an entire car 
to compete with GM, Ford, and Chrysler. 
But consortium officials deny that is the 
case. 

Operating as a clearinghouse for infor¬ 
mation and technical interchange, Calstart 
intends to act as a catalyst in speeding com¬ 
mercialization of surplus aerospace ex¬ 
pertise. Several aerospace companies— 
Hughes, Aerojet General, ITT Cannon, and 
Dowty Aerospace in Los Angeles—are 
workiiag with Calstart, conscientiously at¬ 
tempting to merchandise the state’s rich 
harvest of aerospace technologies. 

MILITARY CONNECTION. As if to make the 
point, consortium brochures show an SR-71 
spy plane metamorphosing into ±e Calstart 


showcase electric vehicle. “We want to take 
advantage of the huge investment in defense 
and aerospace in this state,” said Gage. “We 
want to tap the intellectual capital.” 

Since World War II, when Detroit’s auto 
plants were among ±e first to shift to pro¬ 
duction of war materiel for the Allies, a 
synergy has existed between the auto and 
defense industries. But the nature of that 
relationship has changed in recent years. 

Now Calstart is betting that an EV in¬ 
dustry will have more in common with the 
high-tech end of California’s aerospace 
sector than with the conventional auto com¬ 
ponents churned out by the Big Three. 
Advanced materials, lightweight design, 
electronics, and energy storage devices are 
areas in which the consortium perceives op¬ 
portunity. 

At Hughes Aircraft, engineers have made 
steady progress with prototypes of the 
chargers consumers will use to charge their 
EV batteries. One year ago, early models 
were operating at 6 kW. Hughes recently 
demonstrated a 25-kW model to corporate 
parent General Motors. By year’s end, 100 
kW is the target, with fully “productionized” 
25-kW models outfitted to accept credit 
card purchases entering mass production, 
according to Hughes’ program manager 
Troy Nestor. 

Indeed, through its corporate links wi± 


GM, Hughes already boasts an excellent 
track record of transferring defense tech¬ 
nology to civilian applications. In the late 
1980s, Hughes adapt^ a head-up display it 
had developed for Air Force fighter aircraft 
for use in GM’s passenger cars. The version 
Hughes sold the Pentagon cost almost 
$400 000. But after years of painstaking de¬ 
velopment, the company produced a 
stripped-down commercial model that GM 
offered consumers for $150, according to 
former Hughes executive Currie. 

Throughout Calstart’s prototype op¬ 
eration, aerospace experience is producing 
mini-breakthroughs. The passenger seats in 
the showcase electric vehicle, for example, 
are individually heated and cooled using 
Peltier junction technology originally de¬ 
veloped for the sidewinder missile. By 
simply reversing the polarity of the current 
flowing through the Peltier junctions, the 
system switches from heating to cooling. 
The technique increases the efficiency of 
the vehicle’s climate control system by con¬ 
centrating its effects in the automobile’s 
seats, directly heating and cooling the pas¬ 
sengers, while expending only a little energy 
on the passenger compartment itself 
[Fig. 3]. 

According to Lon Bell, now president of 
Amerigon Inc., Monrovia, CA, which de¬ 
signed the system, a little heated air blowing 



[3] The showcase electric vehicle serves as a test bed for a unde variety 
of innovations, some of which may benefit conventionally powered ve¬ 
hicles. For example, its variable-temperature seats can cool pas¬ 
sengers with only 20 percent of the usual energy expenditure. (It can 
also heat them very efficiently, a boon to EVs but not to conventional 
vehicles, which are warmed at essentially no cost by waste engine 


heat.) Similarly, its audio navigation system “speaks” replies to 
spoken requests for help in reaching destinations, so that the driver 
may operate the system without taking her eyes off the road. After cal¬ 
culating the best route, the system instructs the driver to follow that 
route, one leg at a time, complete with distances to be covered and 
estimates of the time required. 
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out of the vents, combined with heating of 
the seats, combines a high degree of pas¬ 
senger comfort with a great saving of 
energy. For cooling, he told IEEE Spectrum, 
the technique has so far proved less satis¬ 
factory. Some passengers find it quite ac¬ 
ceptable; others, less so. 

REALITY CHECK. But whether ±e emerging 
ties between some aerospace companies and 
Calstart suggests dramatic new employment 
opjjortunities for excess aerospace en¬ 
gineers, managers, and production workers 
remains in doubt. The sheer scale of the 
aerospace downturn is likely to swamp 
Calstart’s efforts—or any single conversion 
strategy, for that matter. By one estimate, 
60 000 aerospace jobs disappeared in 
California between 1986 and 1991. Another 
50 000 will be gone by year end, with tens of 
thousands more to follow. 

Against that employment drain, Calstart’s 
55 000-job goal—while ambitious for a 
fledgling industry—offers little immediate 
hope for many. Doubts have been raised as 
to whether EV production will require 
anything like the number of jobs forecast. 
Before General Motors pulled the plug on 
its Impact electric vehicle late last year, it 
had drawn up plans to add just 250 jobs to 
its Lansing, MI, facility to support pro¬ 
duction for tens of thousands of hnpacts, ac¬ 
cording to Robert Wragg. 

Moreover, even if Calstart reaches its 
goal five to seven years from now, that still 
begs the question of what happens to 
aerospace engineers in the interim. Some 
experts foresee a slow drain of California’s 
engineering talent to other locales. “The 
scale of the solution doesn’t fit the scale of 
the problem,” said Robert Paulson, who 
tracks the aerospace industry for McKinsey 
& Co. in Los Angeles. “It’s [minute] 
compared to the layoffs in California.” 

Calstart’s current training efforts are 
targeted more at positioning existing com¬ 
panies to compete for EV work than at 
equipping laid-off workers with new skills. 
The 30 aerospace veterans now being 
trained by Calstart in the ways of the auto 
industry ^ have jobs with Los Angeles-area 
aerospace companies and Calstart sponsors 
Dowty, Group K Systems, and Amerigon. 

At the end of the three-month program, 
the trainees will fan out into their com¬ 
panies and train their co-workers in the 
rigorous demands of the commercial mar¬ 
ketplace. Said Josh Newman, who directs 
Calstart’s training: “We are working with 
the companies themselves who are in¬ 
terested in making this transition. We are 
not interested in training people who are 
unemployed.” 

AnmiDE ADJUSTMENT. In working for the au¬ 
tomotive industry, aerospace engineers will 
be facing a big adjustment. The low-volume, 
high-cost world of defense work could not be 
further removed from the dog-eat-dog world 
of commercial automobile manufacturing. 
The highly formalized government pro¬ 
curement process revolves around inch- 



[4] When a focus group concluded that consumers did 
not like the annular shape of Hughes’ induction charg¬ 
ing unit, the company was quick to fill the hole in the 
doughnut, producing a paddle-like device [inset]. 


thick contract solicitations ±at draw sim¬ 
ilarly dense responses from industry. 

In contrast, &e high-volume commercial 
market is much less structured, and its main 
emphasis is on minimizing costs. Experts 
differ on how rough the transition will be, 
but all agree that retraining of aerospace in¬ 
dustry personnel will be needed—for 
middle managers as well as engineers. 

Since Calstart is deliberately trying to 
make use of aerospace technology, the key 
problem for program engineers is not ac¬ 
quiring new technical skills but learning 
marketing know-how. Hughes has tried to 
address this issue by inviting engineers 
working on its battery charger to attend 
consumer focus groups. “At first, I was 
afraid none of them would attend,” said Troy 
Nestor, Hughes’ program manager. “In the 
end, I had to turn some away.” 

The Hughes teams received an early 
lesson in the difficulty of predicting 
consumer response when they tested a 
doughnut-shaped, handheld charger. 
Consumers almost uniformly said that the 
device, which represented the ideal engi¬ 
neering solution, felt flimsy. Hughes re¬ 
sponded by filling in the doughnut’s hole, 
producing a paddle-like charger, with which 


customers felt more comfortable [Fig. 4]. 

Gage pointed out that Calstart cannot be 
the sole solution to California’s conversion 
challenge. He envisions a host of similar con¬ 
sortia promoting new state industrial 
clusters in environmental technologies, 
state-of-the-art media, and telecommuni¬ 
cations. A conscious goal of those working to 
reorient the battered and bruised Golden 
State economy is to avoid previous gener¬ 
ations’ excessive vulnerability to downturns 
in a single industry. California would “be 
better off with a more diversified base,” 
Gage said. 

Seemingly, the skeptics are having little 
impact on Currie or Gage or the other 
Calstart enthusiasts. After a chance meeting 
at a recent Los Angeles luncheon. Gage is 
hoping for a visit from Transportation 
Secretary Federico F. Pena later this year. 
But most of all, he is looking forward to the 
day his services and those of Calstart are 
no longer needed. 

Said Gage: “My goal is to put Calstart out 
of business by the year 2000.” ♦ 


ABOUT THE AUTHOR: David Lynch is a reporter 
for the Orange County Register in Santa Ana, CA, 
covering aerospace activities. 
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W^ThisThe 
Latest Dance Craze The 
Last Time \bu 


Face it — it’s 
been a long time. 

A lot has changed. 

And if you haven’t 
updated your 
insurance since the 
days of disco, you 
probably don’t have 
enough coverage. 

That’s why you need coverage that can change as 
quickly as your life does — the Group Insurance 
Program for IEEE Members. 

We Understand You. 

Finding an insurance program that’s right for 
you isn’t easy. But as a member of IEEE, you don’t 
have to go through the difficult and time consum¬ 
ing task of looking for the right plans — we’ve 
done that work for you. What’s more, you can be 
sure the program is constantly being evaluated to 
better meet the needs of our members. 

We’re Flexible. 

Updating your insurance doesn’t have to 
be a hassle. With our plans, as your needs 
change, so can your coverage. Insurance 


through your 
association is 
designed to grow 
with you — it 
even moves with 
you when you 
change jobs. 

We’re Affordable. 

What good would all these benefits be if 
no one could afford them? That’s why we offer 
members the additional benefit of reasonable 
rates, negotiated using our group purchasing 
power. Call 1 800 424-9883 (in Washington, DC, 
(202) 457-6820) between 8:30 a.m. and 5:30 p.m. 
Eastern Time for more information about these 
insurance plans offered through IEEE: 

Term Life • Disability Income Protection • 
Comprehensive Healthcare • Excess Major Medical 
• In-Hospital • High-Limit Accident • Long Term 
Care • Medicare Supplement • Cancer Expense 

Group Insurance Program for IEEE Members 

Designed for the way you live today. 

And tomorrow. 




PRODUCT PROFILES 


DSP & DATA 
ACQUISITION 


The PRODUCT PROFILES 
advertising section provides a 
distinctive focus on both new 
and commercially established 
products and services that 
offer practical solutions for 
engineering and scientific 
professionals In today’s 
fast-paced, rapidly changing 
high-tech environment. 



• Multi-purpose DSP based boards 

• Multi-channel Analog & Digital I/O 

• Development, FFT, high speed user 
friendly Data Acquisition Software 

• Attractive pricing 

Dalanco Spry 

89 Westland Avenue, Rochester, NY 14618 


For rates and production information, 
phone 2127057579. 


(716) 473-3610 

Fax (716)271-8380 
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HotBox CFD Software 


For thermal design of eleetronic systems. 
Based on the PHOENICS computational 
fluid dynamies (CFD) code. Simulates airOow 
and cooling patterns. Observe effects of 
changing shapes or dimensions, and the 
properties of components, without building 
prototypes. For PCs and workstations. Af¬ 
fordable licenses. Call or fax for free litera- 



P.O. Box 77S74 • Atlanta, GA 30357-7574 
Phone (404) 351-3709 • Fax (404) 351-6388 
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All about 
SENSORS 



Just published ! 
The handbook 
that instructs on 
sensor principles, 
their use and 
understanding 
the signal data. 


Loads of information for the advanced user 
or those new to sensors...over 650 pages 
and 350 illustrations. $149.50 + $12 P&H 
Be in front... Order your copy today, 
CALL 1-800-565-0650 
Visa & Mastercard weicome 


Pierson Associates Incorporated 
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YOUR HEADLINE 

This area may be used by advertisers 
to detail their ad message in 50 words 
or less. Just provide typed copy with 
appropriate direction for emphasis 
(bold, underscore, etc.) we’ll do the 
rest. Be sure to include repros of your 
company logo, etc. Indicate if you wish 
us to set addresses, phone #, etc. For 
rates and production information, 
phone 212-705-7579. 

COMPANY NAME/LOGO HERE 

Mailing address/Phone 


SciTech 


SOFTWARE FI 


Free Catalog! 

SciTech is your only source 
for the best values in engineering, 
scientific and technical software. 
More than 750 products. 


1.800.622.3345 


ProtoSim" 



Affordable PC based graphical block 
diagram software for modeling, analyzing 
and simulating linear and nonlinear dynamic 
systems. Simply draw the block diagram of 
your system using a mouse, and the 
extensive set of digital and analog functions 
provided. ProtoSim will simulate it. Used by 
industry and universities for the rapid design 
and simulation of systems and components. 

A great buy at only $ 1 49 

Systems Engineering Associates Inc. 

(8021 223-6194 

Fax: (8021 223-6195 
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Program It In C 

Our new Little PLC™ measures only 4.33 x 2.85 inches 

controller costs only $195, Including 8 optically Isolated 
inputs and 8 relay driver outputs. Low cost expansion 
cards allow you to add more inputs and outputs: digital 
and analog. It has dual RS-485 serial I/O, battery 
backed memory and time/date dock, programmable 
timers and a watchdog. Our easy to use and affordable 
Dynamic C™ integrated development system also costs 
$195. You can write simple programs in an hour, or you 
can develop major applications with 20,000 lines of C 
language. 

Z-World Engineering 

(91 6) 757-3737 ’ FaT'(916) 753-5141 
24 hr. Automatic Fax: (916)753-0618 
(Call from your fax, request catalog #18) 
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Emplo yment o p portunities 


Organizations seeking engineers and scientists describe 
their various openings in the foiiowing advertising section 

In order to conform to the Age Discrimination in Employ¬ 
ment Act and to discourage age discrimination, IEEE may 
reject any advertisement containing any of these phrases 
or similar ones, “recent college grads,” “1-4 years maxi¬ 
mum experience,” “up to 5 years experience,” or “10 years 
maximum experience.” IEEE reserves the right to append 
to any advertisement, without specific notice to the ad¬ 
vertiser, “Experience ranges are suggested minimum re¬ 
quirements, not maximums.” IEEE assumes that, since 
advertisers have been notified of this policy in advance, 
they agree that any experience requirements, whether 


stated as ranges or otherwise, will be construed by the 
reader as minium requirements only. While IEEE does not 
ban the use of the term “entry level,” its use is dis¬ 
couraged since, to some, it connotes an age rather than 
an experience designation. IEEE accepts employment ad¬ 
vertising to apprise its members of opportunities. Interest 
ed parties should be aware that the political and humanis 
tic values of certain advertisers may differ from their own 
IEEE encourages employers to offer salaries that are com¬ 
petitive, but occasionally a salary may be offered that is 
significantly below currently acceptable levels. In such 
cases the reader may wish to inquire of the employer 
whether extenuating circumstances apply. 


To place an advertisement in Spectrum’s Employment Opportunities section, contact the nearest Spectrum sales office 
New York Boston Chicago San Francisco Los Angeles Atlanta Dallas Denver 

212-705-7760 508-255-4014 708-446-1444 415-386-5202 310-649-3800 404-256-3800 214-553-9896 303-670-374 

For production/mechanical information contact Theresa Fitzpatrick Advertising Production Manager, 212-705-7579 
iEEE Spectrum Advertising Dept., 345 E. 47th St., New York, N.Y. 10017 



EPRI'S 
Mission is... 


...to discover, develop, and deliver advances in science and 
technology for the benefit of our member electric utilities, their 
customers, and society. 

Program Manager 

Transmission Substations 

Can you see yourself taking a pivotal role with responsibility for managing a 
staff of industry “heavy-hitters", coordinating budget resources worth tens of 
millions of dollars, and collaborating with utilities, contractors and high-level 
professionals? If you have a BS/MSEE and 10 years, or a Ph. D and 5 years 
of related experience, plus broad knowledge of utility systems/substation 
design, operation and maintenance, then this could be the career opportunity 
you've been working toward. 

Knowledge of product development/lifecycle issues with an emphasis on 
substation applications is needed. Candidate must be capable of developing 
an R&D plan, able to provide advice on program budgets/project activities, 
and effectively function as a member of a technical management team. 
EPRI is a unique non-profit, R&D organization offering competitive salary and 
excellent benefits. Please submit your resume and salary requirements to: 
EPRI, Human Resources Dept DM-103-IE, 3412 Hillview Avenue, Palo 
Alto, CA 94303. We are an Equal Opportunity Employer. 

ffRI Leadership in Science 
Electric Power Technoiogy 

Research Institute 


ISSA/NSA 

POLY 


USE YOUR “TICKETS” 

FOR FASTER CAREER GROWTH 

Put our 27-h years experience plac¬ 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231 -9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 


WALLACH 

associates, inc. 


Rockville, Maryland 20849-6016 
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RADAR ENGINEERING 


GPS RECEIVERS 
TELECOMMUNICATIONS 
REMOTE OCEAN SENSING 
EHF COMMUNICATIONS 
SPACE SYSTEMS 
C^l 

TOMORROW’S TECHNOLOGY TODAY! 

If this sounds like the technology you are interested 
in pursuing, talk to E-Systems, EQ Division. We are in 
search of talented engineers to staff a wiety of exist¬ 
ing programs and to lead in the pursuit of new busi¬ 
ness. 

Opportunities exist for individuals with a back¬ 
ground in one of the following areas: 

GPS RECEIVERS... Mman Filters, Dynamic 
Simulation, Differential GPS, GPS Inertial Aiding, 
Attitude Determination. 

CRYPTOS... Embedded Cryptographic Design, 
Red/Black Isolation, Security Fault Analysis, NSA 
Documentation. 

TELECOMMUNICATIONS ... Operational 
Concepts, ISDN Trunk Interfacing, Acoustic Design, 
Smart Card Development, Multi-Chip Module (MCM) 
Technology. 

C^I APPUCATIONS... LANsA^ANs, Multi-level 
Security, RF Modem Design, HF/UHF/VHF, IMBPS 
to 5GBPS, 68000^ME Designs. 

EHF SYSTEMS... Space and Ground Terminals, 
MILSTAR LDR/MDR Waveform, Up/Downlink 
Systems. 

RF/MICROWAVE DESIGN ... MIC Solid State 
Power Amps, Ku Band. 

SOFTWARE DESIGN ... Ada, C, 1750A, RISC, 
DSP, Real-time, embedded microprocessor, DOD 
2167A, CASE Tools, SW Methodology. 

E-Systems offers very competitive salaries and 
an excellent benefits package which includes an 
Employee Stock Ownership Plan, 401 (k), and medi¬ 
cal and dental insurance. Qualified candidates should 
forward a resume and salary history to: Manager of 
Staffing, E-S}«tems, Inc., ECI Division, Post Office Box 
12248, St. Peterebui?, Florida 33733-2248. 



U.S. Qtizenship Required. 

Equal Opportunity Employer, M/F, D, V. 


Forge New Frontiers In 
Sensor/Imaging Technology 

At ERIM, our R&D team is continuing to expand its 
nearly 50-year history of achievement in imaging and 
sensor technology. If you’re interested in forging new 
frontiers as a key member of our Sensor Systems Divi¬ 
sion team, consider joining our Ann Arbor, MI facilities 
in one of the following positions: 

Manager of Research 

Will provide technical advice and counsel to director, 
troubleshoot technical problems, present new concepts 
for business development and lead proposals and mar¬ 
keting teams. Requires 15-20years experience in design, 
development, fabrication, test and performance assess¬ 
ment of imaging SAR or I^R systems, program develop¬ 
ment experience, and MS or PhD (preferred) in Radar, 
image processing, EE or Physics. 

Software System Engineer 

Involves digital signal processing algorithm develop¬ 
ment for image formation processing analysis. Will pos¬ 
sess MS or PhD in EE or related fields, 7-10 years 
experience performing DSP algorithm development, and 
preferably SAR or ISAR knowledge. 

Software Engineers 

Will develop, test and implement algorithms vrithin low 
level real-time systems. Requires 1-5 years software de¬ 
velopment experience in UNIX, C, VME BUS environ¬ 
ment, and a BS or MS in EE or CS. 

Research Engineer 

Will provide image evaluation and processing. Requires 
a BSEE or MSEE, 3+ years experience doing RCS mear 
surements of radar imageiy using software tools, with 
experience in SAR and ISAR imaguig essential. 

Radar Flight Engineer 

Will provide radar generation support, flight activities, radar 
maintenance, repair and imaging evaluation. Requires a BS, 
MSEE or Computer Engineer, and up to 3 years of experi¬ 
ence in both hardware/software and hands-on orientation. 

W e provide an excellent salary an d benefits program, growth 
potential and relocation consideration to culturally-rich Ann 
Arbor - home to the University of Michigan. For prompt, 
confidential consideration, please forward resume to: ERIM, 
Dept IEEE7/93, P.O. Box 134001, Ann Arbor, MI 
48113-4001. 
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AT&T 

Bell Laboratories 

AT&T Bell Laboratories has the following 
positions available in its Power Systems Division 
located in Mesquite, TX, a suburb of Dallas. 

Power Electronics Engineer 

Design state-of-the-art electronic power products 
for use in telecommunication and data systems. 
You will design switchmode power supplies for 
both internal customers and the commercial OEM 
market. State-of-the-art circuit design skills are 
required along with experience in magnetics, 
thermal packaging, EMC, safety agency issues, 
and strong analytical abilities. A BS, MS or PhD 
in Electrical Engineering with 5 years of 
experience is required. 

Mechanical Engineer 

This position involves the physical design and 
development of electronic PWB assemblies and 
associated sheetmetal and plastic enclosures. As 
a member of an interdisciplinary product team, 
your responsibility will include thermal design, 
chassis design and PWB layout design. The 
successful candidate will have a BSME and 
MSME with at least 3 years of experience. 
Familiarity with UL, CSA, and VDE safety 
agency requirements a plus. 

Software/Firmware Designer 

Design, develop, and test software/firmware for a 
68,000-based controller for energy reserve 
systems. The job will include development and 
support of software for multiple feature releases. 
Candidates must have a strong background in 
software/firmware design. Must have at least 2 
years of experience developing software in C and 
be familiar with software development 
methodologies and tools. Must have an EE or CS 
degree. Experience with UNIX*, C-t-(-, PSOS, 
DOS, SQL, DBMS, Windows, or X.25 would be 
a definite plus. Individuals must be highly 
motivated with strong interpersonal skills, ability 
to express ideas well, and work effectively as a 
member of the project team. 

For consideration, please send your resume, 
indicating position of interest, to: AT&T Bell 
Laboratories, Human Resources, Dept. 69, 3000 
Skyline Drive, Mesquite, TX 75149. 

An equal opportunity employer. 

*UNIX is a trademark of UNIX Systems 
Laboratories, Inc. 


^ATbT 

The right choice. 


THE NATIONAL RESEARCH COUNCIL 

Is accepting applications for a 

POSTDOCTORAL OR SENIOR 
RESn)ENT RESEARCH ASSOOATESHIP AWARD 

tenable at the 

JOHN C. STENNIS SPACE CENTER 

of the 

NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION 

Research opportunity is available for investigation of ground test simulation 
and non-intrusive instrumentation applicable to ground testing of rocket 
engines and/or solid or hybrid rocket motors. 


advanced plume spectmscopy 

• high pressuK, high flow cryogenic instrumentation 

• ground test simulation 

• non-intrvsive/non-contact measurement of temperature, 
pressure, strain, position, vibration, etc. 

Awardee will work as principal investigator on personally identified project 
in the above research area as a guest investigator at NASA-SSC. Annual 
stipend for recent Ph.D. recipients is $34,500, with supplement up to 
$6,500 possible for engineers and computer scientists Stipend is appropri¬ 
ately higher for senior researchers. Award is for one year renewable to a 
maximum of three. Support is provided for relocation and limited profes¬ 
sional travel, and a comprehensive health insurance program is offered. 
For further information contact: Dr. William St. Cyr 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
John C. Stennis Space Center 
Senior ^sterns and Technology Branch - Code HA20 
Stennis Space Center, MS 39529-6000 
Tel: (601) 688-1134 Fax:(601)688-1925 


Applications must be submitted directly to the NRC and are accepted 
on a continuous basis throughout the year. Those postmarked by: 
August 15 will be reviewed in the October competition: by January 15, 
in February; S by April 15, in June. 

For application materials contact: 

The Associateship Programs (TJ-1000/SS) 
NATIONAL RESEARCH COUNCIL 
2101 Constitution Avenue, Washington, DC 20418 
FAX: (202) 334-2759 


Get the latest 
statistics on U.S. 

job? see how your comply com"^ engineering salaries 
pares with the salaries and bene¬ 
fits offered by other employers in 
the United States. Sampled from 
American members of the IEEE 
(the world’s leading technical 
society) the all-new 1993 IEEE 
U.S. MEMBERSHIP SALARY & 

FRINGE BENEFIT SURVEY provides 
you with the current information 
you need. A regression analysis is 
used to predict salaries by analyz¬ 
ing more than 50 individual vari¬ 
ables including primary areas of technical expertise, industry, 
and geographic location. You’ll also get definitive information on 
salaries by level of education...by job function...by geographic 
area...pensions and retirement plans...insurance...401K plans 
..uind much more. 

As an IEEE member, order the new 
1993 U.S. MEMBERSHIP SALARY & FRINGE 
BENEFIT SURVEY and SAVE ALMOST 40%! 



IEEE member PRICE IS 17495 
(plus $5.00 handling and local sales tax where applicable). 
NONMEMBERS PAY $119.95 

(plus $8.00 handling, and local sales tax where applicable). 


To OMIER CALL 1-800-678-IEEE 
with your credit card information and ask for product #: 
UH0194-1 or fax your order to 
IEEE Customer Service: (908) 981-9667. 
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E n Computing Devices 
LI Canada 

Computing Devices Is a bright new star on the Calgary horizon. We are one of Canada's most 
successful defence electronics companies and are now proud to be a lasting member of 
Western Canada's high-technology community. 

Although we're new to Calgary, we're certainly not a new company. Computing Devices has 
been In existence for 45 years and has grown Into a world-clasa organization. In the last 
decade, our revenue has Increased year by year. Our 1992 revenues were over $170 million and 
we're forecasting over $300 million In 1994. Computing Devices has over 1,000 employees In 
two locations - Calgary and Ottawa. 

At Computing Devices, we combine the best of both worlds - we have all the resources of a 
large company and all the spirit of a smaller organization. If you're looking for a company that 
encourages creativity, that rewards entrepreneurial spirit and that builds teams not empires, 
then you should be talking to us. 

Computing Devices Canada Is the prime contractor for DND's $1.2-bllllon tactical communica¬ 
tions system called Iris. We have a world-class reputation for solving complex systems prob¬ 
lems with advanced technology. 


DESIGN ENGINEERS 


Your role will be to carry out the specification, design, development and testing of various systems and voice/data Interfaces. 
A bachelor’s degree in Engineering or Applied Science or the equivalent is required. Opportunities exist for intermediate to 
senior-level engineers with a minimum of 3 years’ experience in hardware design. You also have expertise with voiceband 
signal processing, HDLC, forward error correction, phase-locked loops, digital signal processors, analog and miaocontroller 
circuit designs, EME, and military standards and procedures. 

The ability to write technical specifications and documents, to perform technical and cost tradeoff analyses and to adhere to 
set schedules will serve you well. You will also rely on your strong interpersonal skills and your capacity to work in a large 
team environment. 

Ref. IS6870 

SOFTWARE ENGINEERS 


You will contribute your skills to a team of professionals who will design software to implement an integrated data and voice 
communication network using Intel 466 Unix machines, and Motorola 68020 based with the Texas Instruments TMS320C25 
hardware. The host development environment Is the R1000 series 400 from Rational, and the programming languages will be 
Ada and TMS320C25 assembler. 

A bachelor’s degree in Engineering or Applied Science or the equivalent is required. Opportunities exist for intermediate to 
senior-level engineers with a minimum of 3 years’ experience in communications S/W, Ada development in a real-time 
environment and Object-Oriented Development with DOD-STD-2167A. 

Ref. IS6861 

SYSTEMS ENGINEERS 


Opportunities exist for professionals with at least 3 years of experience in the design, development and integration of 
at^anced communications systems. 

Your experience in one or more of the following areas is a requirement for certain positions: X.400 and OSI model, network 
facility management, mobile radio telephone systems, cryptographic equipment, TCP/IP, and military standards including 
DOO-STD-2167A. 

Ref. 186832 


These exceptional opportunities are offered with a fully competitive salary and benefits pack¬ 
age. For all positions, you must be willing to relocate to Calory. To apply, please forward your 
resume, quoting tire appropriate reference number, to: 

The Recruiting Administrator, Human Resources Department 
Computing Devices Canada Ltd. 

P.O. Box 8508 

Ottawa, Ontario, CANADA KIG 3M9 
Fax: (613) 596-7637 


)nd practice of Employment Equity. 











Recent books 

(Continued from p. 16) 

Computer Systems for Automation and Con¬ 
trol. Olsson, Gustaf, and Piani, Gianguido, 
Prentice Hall, Englewood Cliffs, NJ, 1992, 
428 pp., $4L95. 

Visualizing Software: A Graphical Notation 
for Analysis, Design, and Discussion. Ben¬ 
nett, William S., Marcel Dekker, New York, 
1992,208 pp., $35 (on orders of five or more 
copies, for classroom use only), $79.95 (reg¬ 
ular price). 


Spiral Vector Theory of AC Circuits and 
Machines. Yamamura, Sakae, Oxford Uni¬ 
versity Press, New York, 1992, 132 pp., 
$67.50. 

Client/server Computing. Smith, Patricia, et 
al., SAMS/Prentice Hall, Carmel, IN, 1992, 
341 pp., $49.95. 

Transformation Methods for Nonlinear Par- 
fial Differential Equations. Edelen, Dominic 
G. B., and Wang, Jian-hua, World Scientific 
Publishing Co., River Edge, NJ, 1992, 325 
pp., $58. 


Model Reference Adaptive Control. Butler, 
Hans, Prentice Hall, Englewood Cliffs, NJ, 
1992,265 pp., $60. 

MVS I/O Suhsyslems: Configuration Man¬ 
agement and Performance Analysis. Houte- 
kamer, Gilbert E., and Artis, H. Pat, Mc- 
Graw-HiU, New York, 1993,419 pp., $49.95. 

The Whole Inlernet User’s Guide & Catalog. 

Krol, Ed, O’Reilly & Associates, Sebastopol, 
CA, 1992,400 pp., $24.95. 

Enterprise-Wide Networking. Schnaidt, 
Patricia, SAMS/Prentice Hall, Carmel, IN, 
1992,493 pp., $39.95. 

Plasma Technology: Fundamentals and 
Applications. Eds. CapitelH, Mario, and 
Gorse, Claudine, Plenum Publishing, New 
York, 1992,224 pp., $65. 

Due's 1993 Computer Duyer’s Guide. Smith, 
Bud, Que/Prentice Hall, Carmel, IN, 1992, 
432 pp., $16.95. 

Atmospheric Ultraviolet Remote Sensing. 

Huffman, Robert E., Academic Press, San 
Diego, CA, 1992,320 pp., $59.95. 

Acousto-Optic Devices: Principles, Design 
and Applications. Xu, Jieping, and Stroud, 
Robert, John Wiley & Sons, New York, 1992, 
652 pp., $69.95. 

Dp-Amps and Linear Integrated Circuits, 3rd 
edition. Gayakwad, Ramakant A., Prentice 
Hall, Englewood (lliffs, NJ, 1993, 640 pp., 
$54.67. 

Systems & Control Encyclopedia, Supple¬ 
mentary Vol. 2. Ed. Singh, Mandan G., 
Pergamon Press, New York, 1992,1087 pp., 
$390. 

Linear System Theory. Rugh, Wilson ]., 
Prentice Hall, Englewood Cliffs, NJ, 1993, 
356 pp., $56. 

Remote Sensing hy Fourier Transform Spec¬ 
trometry. Beer, Reinhard, John Wiley & 
Sons, New York, 1992,153 pp., $74.95. 

Programming Windows 2.\.Petzold, Charles, 
Microsoft Press, Redmond, WA, 1992,1008 
pp., $49.95. 

The Windows Interface: An Application De¬ 
sign Guide. Microsoft Corp., Microsoft 
Press, Redmond, WA, 1992, 248 pp., $39.95. 

Exploiting Cycle Time in Technology Man¬ 
agement. Gaynor, Gerard H, McGraw-Hill, 
New York, 1993,348 pp., $46.50. 

Microsoft PowerPoint for Windows: Step hy 
Step, Versien 3. Johnson, Steve, Microsoft 
Press, Redmond, WA, 1992, 328 pp., $29.95. 


Chief N etwork 
Architect 

Network Architects 

Fairfax County, Virginia 


Citicorp Global Information Network — 
a division of Citicorp—was created to 
provide a high-quality, cost-effective 
standards-based communications net¬ 
work that addresses both the current 
and future needs of the bank and its 
customers. 

An effort this large requires individuals 
with vision — big picture contributors 
—who can understand and influence 
how technology impacts the mission 
and goals of a global organization. 

We seek a Chief Architect and 
Network Architects with the technical 
and leadership abilities to aggressively 
develop a strategic distributed com¬ 
puting platform to altow all of 
Citibank’s diverse products and ser¬ 
vices to be accessed and delivered 
anywhere on the network. 

Among the specific challenges of both 
assignments will be the identification 
of benefidal technologies and ven¬ 
dors, the developrnent of globally 
standardized requirements and proce¬ 
dures, and the management of world¬ 
wide linkages to clients, applications 
architecture groups, and strategic ven¬ 
dors. Additional responsibilities will 
include providing briefing sessions to 
management and external partners, 
and developing position papers to 
gain approval for pilot or prototype 
services. 

Both positions require a BS in 


Computer Science or Engineering 
(advanced degree preferred), along 
with 10+ years of experience in the 
design and implementation of complex 
network infrastructures. You’ll need a 
breadth of knowledge in computer net¬ 
works and distribute computing sys¬ 
tems. You must have a strong appre¬ 
ciation of the interrelationships among 
network service components and a 
demonstrated success in managing a 
focused technical or aoss-functional 
group. Superior presentation and 
interpersonal skills are essential. 

In addition, the Chief Network 
Architect must have a thorough under¬ 
standing of X.4CX) Messaging, DCE, 
X.5(X), Kerberos and public-key secu¬ 
rity, and object oriented technology. 
You should also be familiar with the 
issues surrounding implementation of 
these technologies. You should have 
software development and/or systems 
evaluation and integration experience. 
In return for your skills and successes, 
we offer a fully competitive salary and 
comprehensive company-paid bene¬ 
fits (including relocation assistance). 
For immediate consideration, please 
send your resume, with salary require¬ 
ments to: Citibank, do DSEBox 
107IEEE, 8000 Towers Crescent 
Drive, Suite 7350 , Vienna, VA 
22182. An Equal Opportunity 
Employer M/F/DA/. 


CITIBAN<0' 
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En gineer at larg e 


No Child support, 
no professional license 

Searching for new ways to collect unpaid 
child support money, a growing number of 
states are looking to revoke the professional 
licenses of engineers and others who miss 
support payments. According to an article in 
Engineering Times (May, p. 1), published by 
the National Society of Professional Engi¬ 
neers (NSPE), the states of Arizona, Cali¬ 
fornia, Minnesota, Montana, South Dakota, 
and Vermont have laws permitting revoca¬ 
tion of professional licenses, and 20 other 
states are considering similar measures. 
Also, lawmakers in the U.S. House of Rep¬ 
resentatives and Senate introduced a com¬ 
parable provision in the Interstate Child 
Support Enforcement Act, now under con¬ 
sideration. 

NSPE’s Registration and Qualifications 
for Practice Committee, however, plans to 
recommend that the society’s board of 
directors adopt a policy statement oppos¬ 
ing laws that tie professional licensure to 


legal issues such as child support pay¬ 
ments, tax disputes, student loan repay¬ 
ments, and substance abuse. The proposed 
statement argues that such laws create “a 
wholly unrelated and arbitrary standard” 
for judging a [professional engineer’s] fit¬ 
ness to practice” and, because it targets 
only professional license holders, denies 
them equal rights under the law. 


Rolex Award for plan to monitor ozone 

A resident of Seguin, 'TX, who has spent his 
career inventing electronic instruments and 
writing about electronics in popular scien¬ 
tific magazines, has won a Rolex Award for 
Enterprise. He not only designed and built 
an affordable instrument for measuring the 
ozone layer—^he has also organized a net¬ 
work of people who will use it in unlikely 
spots around the world. 

For those feats, Forrest M. Mims HI (A) 
was given 50 000 Swiss francs and a gold 
Rolex chronometer by watchmaker 
Montes Rolex SA of Geneva, Switzerland. 

Mims’s total ozone portable spectrora- 


diometer (’TOPS) calculates the thickness 
of the ozone layer by measuring the inten¬ 
sity of the ultraviolet radiation that reaches 
the earth after passing through the atmos¬ 
phere. Initially, he plans to build 25 of his 
US $500 handheld instruments and distrib¬ 
ute them to members of his network, 
which includes explorers, scientists, natu¬ 
ralists, and adventurers traveling to distant 
climes. 

The plan is for them to use Mims’s 
instruments to measure total ozone, direct 
solar ultraviolet radiation, and atmospheric 
turbidity in places remote from official 
data-collection stations, such as mountain 
peaks, and in both equatorial and polar 
regions that have suffered high ozone 
depletion. 

Applicants for his network came from 18 
countries, he told IEEE Spectrum. “Half 
are professional scientists with Ph.D.s, who 
couldn’t otherwise get such an inexpensive 
instrument,” he said. 

Granted first in 1978 and every third 
year thereafter, the Rolex awards pay trib¬ 
ute to “those whose passionate pursuit of a 
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Computing and Electronics Research 
in Japan 

‘Timely insight into Japanese 
information science and technology.” 
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^ 1-800-527-2628 
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Box2415, Washington, D.C. 22090-9762 
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Circle No. 11 


Grounding, EMF and EM 
Software & Services 

From the leading 
international R&D experts, 

Simply 

> Frequency and time domain 
grounding analysis in multilayered 
soils with multiple electrodes subject 
to hybrid energization at various 
points. Arbitrary networks consisting 
ofbare, coated, solid or hollow conductors and pipelines can be modelled. 
Ideal for cathodic protection & anode bed designs. 

> Transient and frequeiKy domain electromagnetic field analysis of overhead 
and buried arbitrary networks of energized conductors. Ct^ute electric 
fields, magnetic fields, scalar and vector potentials and current flows. 

' Fault current distribution and electromagnetic interference in multiphase 
unbalanced networks, including skywires, neutral wires, buried and 
aboveground pipelines and telecommunication circuits. Fach tower 
ground can be modelled individually. 

’ Overhead and buried transmission line and cable parameters in multilayered 
soils. Include, simultaneously, pipe-type cables with sheaths, armours and a 
variety of coated pipelines. ___ 


You no longer have to withelementaty software and services. Our powerful 

and (fordable software (CDEG^. MultiGround!'', MultiField./^.AutoGrouruf") 
are desipted to meet a variety <rfenvironments and needs and run on PCs, 
workstations and mainftame computers. Engineering, training, updates and 
technical support servwes are second to none. 

Sate Engineering Services & technologies ltd. 

1544 Vicl, Montreal, (Ww, Canada, H3M 104 
t-m-m-mi (U&A. « Canada) 
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Engineer at large 

dream has inspired them to develop proj¬ 
ects in the fields of applied sciences and 
invention, exploration and discovery, and 
the environment,” according to Andre J. 
Heiniger, who spoke on April 30 in Geneva 
as he presented this year’s awards to five 
individuals. 

As it happened, the only other award for 
an engineering accomplishment also had to 
do with the ozone layer, albeit indirectly. 
Steven L. Garrett, an expert in thermo¬ 
acoustics and professor of physics and 
space systems engineering at the Naval 
Postgraduate School, Monterey, CA, was 
chosen for his development of a novel 
refrigeration system. Instead of the ozone- 
hostile chlorofluorocarbons used in most 
such equipment, Garrett relies on high- 
intensity sound to transfer heat. [See also 
Innovations, June, p. 16.] A prototype was 
tested on board the space shuttle Dis¬ 
covery in 1992, with good results, according 
to the Rolex announcement. 


Graduate energy studies listed 

The first Directofy of Energy-Related Grad¬ 
uate Programs in U.S. Universities is avail¬ 
able free of charge through the Energy 


Foundation in San Francisco. The directory 
describes more than 60 programs in the 
fields of energy, resources, environment, 
and development. 

For a paper or disk copy of the directory, 
contact Directory Offer, Home Energy Mag¬ 
azine, 2124 Kittredge St., No. 95, Berkeley, 
CA 94704; 510-524-5405. 


Doctors in integrated manufacturing 

The National Research Council in the 
United States has picked 12 people for its 
first predoctoral fellowship program in inte¬ 
grated manufacturing. Each award carries 
an annual stipend of $20 000 and an educa¬ 
tion allowance of as much as $15 000 for 
three years. 

The program has the threefold objective 
of creating a pool of Ph.D.s trained in the 
integrated approach to manufacturing, pro¬ 
moting academic interest in the field, and 
attracting talented professionals to a chal¬ 
lenging area of engineering. 

Other goals of the program are to devel¬ 
op more energy-efficient manufacturing 
methods, devise better ways to make use of 
scarce resources, and curb environmental 
degradation. 

Those chosen must have, or be close to 
having, their master’s degrees and must 
outline a research program they wish to 


pursue. The program is funded by the 
Department of Energy’s Office of Basic 
Energy Science-Engineering Research 
Program. 

Information and application materials for 
next year’s awards be available after 
Sept. 1. Write to or call the Fellowship 
Office, National Research Council, 2101 
Constitution Ave., N.W., Washington, DC 
20418; 202-334-2872. 


Computer science for deserving fellows 

The Alfred P. Sloan Foundation has added 
computer science to the fields in which it 
backs research carried out by young aca¬ 
demics. The first eight fellowships are to be 
awarded in 1994. 

September 15 is the deadline for nomina¬ 
tions. Direct applications are not accepted 
by the foundation. 

The Sloan Research Fellowships in com¬ 
puter science are intended to provide flexi¬ 
ble research support to promising young 
faculty members at an early stage in their 
careers. 

For information and nomination forms, 
write to Sloan Research Fellowships, 
Alfred P. Sloan Foundation, 630 Fifth Ave., 
Suite 2550, New York, NY lOOlL 


COORDINATOR: Alfred Rosenblatt 


Analog Circuit Simulation 

Affordable SPICE Simulation That's Easy To Use 



lOF HONG KONG 


:ONG| 


LECTURER IN INDUSTRIAL 
AUTOMATION 

Department of Mechanical Engineering 
(Ref. 92/93-94) 

Applications are invited for a Lectureship in Industrial 
Automation in the Department of Mechanical Engineering. 
Subject to the availability of funds, the appointment will be 
made initially on a two-year fixed-term basis from 1 January 
1994, with a good possibility for further extension. 

AppUcants must have expertise in one of the following areas: 

(a) robotics and automation as appUed to industrial processes; 

(b) advanced manufacturing systems, eg FMS; (c) robotic 
control for manufacturing systems. A PhD degree in a relevant 
discipline is required. Experience in microprocessors and 
digitai electronics is highly desirable. Duties will include 
supervising higher degree students and teaching 
undergraduate and postgraduate courses in industrial 
automation. 

Annual salary [non-superannuable but attracting 15% (taxable) 
terminal gratuity] is on an 11-point scale: HK$343,680 - 
HK$574,140 (approx. US$44,634 - US$74,564; US Dollar 
equivalent as at 18 May 1993). Starting salary will depend on 
qualifications and experience. At current rates, salaries tax will 
not exceed 15% of gross income. Children’s education 
allowances, leave, and medical benefits are provided; housing 
or tenancy allowances are also provided in most cases at a 
charge of 7.5% of salary. 

Further particulars and application forms may be obtained 
from the Appointments Unit, Registry, The University of Hong 
Kong, Hong Kong (fax: (852) 559 2058; E-mail: 
APPTUNIT@HKUVM1.HKU.HK). 

Closes: 9 August 1993. 
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Museum gallery explains 
machine intelligence 

“Robots & Other Smart Machines” is a per¬ 
manent gallery at Boston’s Computer Mu¬ 
seum dedicated to teaching visitors what 
smart machines can and cannot do. The 
interactive gallery features 25 notable robots, 
including the National Aeronautics and 
Space Administration’s original Mars Land 
Rover and the robot arm developed by Mar¬ 
vin Minsky, of the Massachusetts Institute 
of Technology, who is often described as the 
father of artificial intelligence. 

In addition to the robots, the gallery 
illustrates a wide variety of other artificial- 
intelligence applications at its 30-odd com¬ 
puter stations. Among them: computer¬ 
generated music and drawings, computer¬ 
generated speech with “real feeling,” and 
efficient-kitchen design. 

Summer hours at the Museum are from 
10 ajn. to 6 pjn. seven days a week. Admis¬ 
sion is US $7 for adults and $5 for children 
and seniors. Children under 4 years of age 
pay nothing. Contact: The Computer 
Museum, 300 Congress St., Boston, MA 
02210; 617-426-2800; fax, 617-426-2943; or 
circle 105. 


DIGITAL SIGNAL PROCESSING 


Simpler signal analysis 

As growing numbers of engineers and sci¬ 
entists realize the advantages of digital sig¬ 
nal processors (DSPs), the number of first- 


with the user’s manual for its Qw3210-SA 
signal analysis board, and has also bundled 
the board with software that lets users 
bypass part of the learning curve associated 
with most other such products. 

The bundled software includes a C inter¬ 
face Ubrary and a resident monitor that 
works in tandem with the library. The 
library, which is compatible with DOS and 
Windows 3 includes DSP program down¬ 
loading and execution, high-speed data 
transfer between the (3w3210-SA and its 
host PC, and several debugging features. 
The resident monitor performs all neces¬ 
sary hardware setup. It also provides task¬ 
switching services, a mechanism for pass¬ 
ing parameters between tasks, error 
reporting, and breakpoint capability. 

The Qw3210-SA board itself is an ISA- 
bus device based on the AT&T DSP3210 
chip. It has two instrumentation-quality 
analog input channels and two analog out¬ 
put channels, in addition to its eight digital 
I/O lines. Both analog inputs have a pro¬ 
grammable-gain instrumentation amplifier 
and an a-d converter that digitizes inputs at 
a rate of 200 Idlosamples per second with a 
resolution of 16 bits, llie toard comes stan¬ 
dard with 136 kB of high-speed static RAM, 
expandable to 2 MB. 

The Qw3210-SA is priced at $2995 in 
singles, with steep discounts available for 
quantities of two or more. (Discounts start 
at 5 percent for two boards, and climb to 
60 percent for 100 or more.) Contact: 
Quantawave, 530 Boston Post Rd. East, 
Marlborough, MA 01752-3645; 508-481- 
9802; fax, 508-624-0942; or circle 106. 



EDUCATION 


Lexicons worth looking at 


Built around the AT&T DSP3210 distal signal-process¬ 
ing chip, Quantawave’s Qw3210-SA signal analysis board 
features an instrumentation-quality analog front end. It 
has two 16-bit input channels, each capable of200 kilo- 


samples per second. 

time users of those products is increasing. 
Recognizing that those new users need all 
the help they can get in programming their 
DSPs, Quantawave has taken especial care 


The Institute recently an¬ 
nounced the availability of two 
new technical dictionaries: the 
fifth edition of its own Standard 
Dictionary of Electrical and 
Electronics Terms, and the In¬ 
ternational Electrotechnical Com¬ 
mission’s Multilingual Dictio¬ 
nary of Electricity, Electronics 
and Telecommunications. 

The IEEE dictionary now 
contains detailed abstracts of 
IEEE standards in addition to 
more than 30 000 terms from 
every field of electrical, elec¬ 
tronics, and computer engineering. It also 
has an extensive section of acronyms and 
abbreviations, including many popular 
TLAs (three-letter acronyms). 


The lEC dictionary provides English 
definitions for more than 15 000 terms that 
are given in nine languages: Dutch, English, 
French, German, Italian, Polish, Russian, 
Spanish, and Swedish. 

The IEEE dictionary is priced at $90 for 
nonmembers, $63 for members. The lEC 
publication fists for $185, but is offered to 
IEEE members for $129.50. A brochure 
that gives details on both dictionaries is 
available. Note: The IEEE handles the lEC 
multilingual dictionary only in North 
America. Readers who reside elsewhere 
can order that publication from Elsevier 
Science Publishers, Book Order Depart¬ 
ment, Box 211, 1000 AE Amsterdam, The 
Netherlands; (31-^20) 580 3753; fax, (31-^20) 
580-3705. Contact: IEEE Standards, Box 
1331 Piscataway, NJ 08855-1331; 908-562- 
3824; or circle 107. 


Technology being given away 

The U.S. government has a policy of encour¬ 
aging companies to develop products based 
on work done under Federal research pro¬ 
grams. To help companies learn about such 
work, the National Technology Transfer 
Center (NTTC) has been operating a tele¬ 
phone inquiry service that conducts infor¬ 
mation searches upon request. 

Now, to speed the process, the NTTC is 
augmenting its gateway telephone service 
with an electronic bulletin board through 
which any U.S. company may access the 
NTTC database at no cost (except for the 
price of the phone call). 

The service should be operational by 
June 30—about the time this issue hits the 
street. Contact: National Technology 
Transfer Center, Wheeling Jesuit College, 
316 Washington Ave., Wheeling, WV 
26003; 304-243-2455; fax, 304-243-2463; 
or circle 108. 


INSTRUMENTATION 


Multiwire clamp-on ammeter 

The use of clamp-on ammeters for measur¬ 
ing current without breaking a circuit is well 
established, but only for single current-car¬ 
rying conductors. Now ElectraScan Inc. is 
offering a clamp-on probe for two- and 
three-wire cables. 

Called the Model VIP-100, the probe 
snaps over Romex and other cable types 
and determines how much current is flow¬ 
ing by sensing the leakage magnetic field 
surrounding the cable. It connects to any 
modem ac multimeter in order to provide 
a scaled reading of the current. 
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PEARSON 

Wide Band, Precision 

CURRENT 

MONITOR 

With a Pearson™ Current Monitor and 
an oscilloscope, you can make precise 
amplitude and waveshape measurement 
of ac and pulse currents from milli- 
amperes to kiloamperes. Current can be 
measured in any conductor or beam of 
charged particles, including those at very 
high voltage levels. Atypical model gives 
an amplitude accuracy of +1%, -0%, 

20 nanosecond rise time, droop of 0.8% 
per millisecond, and a 3 dB bandwidth of 
1 Hz to 20 MHz. 

Pulse TVansformers 

Pearson Electronics specializes in the 
design of high voltage pulse trans¬ 
formers. Typical applications are for units 
supplying power to high power micro- 
wave tubes, particle accelerator injection 
systems, pulsed x-ray tubes, high power 
lasers and plasma physics applications. 

Capacitive 
Voltage Dividers 

Pearson high voltage coaxial capacitive 
dividers permit measurement of pulse 
voltages up to 500 kV. The incorporation 
of a simple yet elegant geometry assures 
precision, stability, and reliability. The 
units are designed for immersion in high 
voltage insulating oil and are frequently 
used in observing the output wave shape 
of our high voltage pulse transformers. 
Contact us for engineering data. 

PEARSON 

ELECTRONICS, INC. 

I860 Embarcadero Road 
Palo Alto, Calif. 94303, U.S.A. 

Telephone (415) 494-6444 

Telex 171 -412 • FAX (415) 494-6716 


Tools & toys 

The VIP-100 is factory calibrated to read 
1 millivolt per ampere for standard 12-2 
Romex cable, but may be recalibrated in 
the field for other cable types. It works 
from 0 to 100 A over the frequency range 
of 15 Hz to 100 kHz. 

The probe is priced at $97.50; delivery is 
from stock. Contact: Electrascan Inc., 2917 
Avalon Ave., Berkeley, CA 94705; 510-548- 
3358; fax, 510-548-1878; or circle 109. 


Bargains in data acguisition 

Keithley Data Acquisition has bundled sev¬ 
eral of its hardware and software products 
together and is offering them at discount 
prices through Aug. 31. The products are 
described in a special Classic Values catalog, 
which also includes software packages from 

Keithley's Classic Val¬ 
ues catalog includes 
combinations of data- 
acquisition boards and 
software at substan¬ 
tially reduced prices. 

The discounts are valid 
through Aug. 31, 1993. 

other software compa¬ 
nies. Those packages, 
like Labtech Notebook and DriverLinx, are 
also offered at reduced prices if they are 
purchased in combination with Keithley 
data-acquisition boards. 

The savings offered are substantial. For 
example, the combination of the DAS-IGOO 
board and Easyest LX software is being 
offered for $1194, which is $4(X) less than 
the cost of the two items separately—a 
saving of more than 25 percent. 

The catalog is available free of charge. 
Contact: Keithley Data Acquisition, 440 
Myles Standish Blvd., Taunton, MA 
02780; 800-348-0033; or circle 110. 


COMPONENTS 


Reducing battery maintenance 

Although commonplace, charging and dis¬ 
charging lead-acid storage batteries is not 
without its problems. The batteries give off 
hydrogen, which can be explosive in 
enclosed areas. Watering can be inconve¬ 
nient, especially for photovoltaic systems, 
which are often built in remote locations. 
And corrosion is always a danger. 

These difficulties can be mitigated 
through the use of Hydrocap vents—cat¬ 
alytic battery caps that combine emitted 
hydrogen gas with oxygen and return the 
resultant water to the battery cell. In 
returning water to the battery cells, the 
caps wash acid spray and fumes back into 
the cells, thereby reducing the corrosion of 


metal around the battery. 

The vents are manufactured by Hydrocap 
Corp. in accordance with customer specifi¬ 
cations. The company offers almost a thou¬ 
sand combinations of body sizes, threaded 
adaptors, and Catylator units. The caps typ¬ 
ically cost $5.25 to $5.50 apiece. Contact: 
Hydrocap Corp., 975 N.W. 95 St., Miami, 
FL 33150; 305-696-2504; or circle 111 


SOFTWARE 


interactive handbooks 

For those who want to keep references dig¬ 
itally close at hand, MathSoft has introduced 
two $99 electronic handbooks. Topics in 
Mathcad: Advanced Math illustrates a vari¬ 
ety of problem-solving techniques and pro¬ 
vides the general-purpose tools needed. 
Included are iterative ways of solving differ¬ 
ential equations, eigenvalues, and matrix 
operations, as well as ways to use fast 
Fourier transforms. 

A second title. Topics in Mathcad: Elec¬ 
trical Engineering, contains 24 documents, 
each with a background section describing 
the physics or mathematical aspect of the 
problem and an annotated description of 
the solution. Some of the applications dis¬ 
cussed are electromagnetism, circuit theo¬ 
ry, signal processing, and filter design. 

The references run under MS-DOS 
or higher, Windows, Mac OS 6.05 or later, 
and the popular Unixes. They require 
Mathcad 3.1 or higher and about 4-6 MB 
of hard-disk space, depending on configura¬ 
tion. Contact: MathSoft Inc., 201 Broad¬ 
way, Cambridge, MA 02139-1901; 800-628- 
4225; or circle 112. 


Seeing opticai properties 

Based on a database and algorithms under 
development since 1988 by the Electro-opti¬ 
cal Systems Group of the John Hopkins Uni¬ 
versity/Applied Physics Laboratory and 
ARSoftware Inc., Optimatr is a PC applica¬ 
tion that provides the optical properties of a 
wide variety of materials used in electro¬ 
optics. Among the substances covered are 
germanium, silicon, sapphire, diamond, and 
gallium arsenide, as well as those materials | 

typically used for optical-bench windows, 
lasers, and lenses. 

Serving as a handy reference, the pro¬ 
gram calculates the absorption coefficient, 
index of refraction, and scattering coeffi¬ 
cient for over 100 types of crystals, 
dielectrics, semiconductors, metals, and 
glass. Users specify the wavelength range 
of interest, the desired step size, and the 
temperature in Kelvin to be used in deter¬ 
mining those parameters, and then hit C to 
calculate. (Alternatively, the wave number 
may be specified instead of the wave¬ 
length.) 

While the parameters are being calculat- 
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READER SERVICE (CIRCLE NUMBERS) 


1 PRODUCT INFORMATION 

1 9 17 25 33 41 49 57 65 73 81 

2 10 18 26 34 42 50 58 66 74 82 

3 11 19 27 35 43 51 59 67 75 83 

4 12 20 28 36 44 52 60 68 76 84 

5 13 21 29 37 45 53 61 69 77 85 

6 14 22 30 38 46 54 62 70 78 86 

7 15 23 31 39 47 55 63 71 79 87 

8 16 24 32 40 48 56 64 72 80 88 


89 97 105 113 121 129 137 145 153 161 169 177 185 

90 98 106 114 122 130 138 146 154 162 170 178 186 

91 99 107 115 123 131 139 147 155 163 171 179 187 

92 100 108 116 124 132 140 148 156 164 172 180 188 

93 101 109 117 125 133 141 149 157 165 173 181 189 

94 102 110 118 126 134 142 150 158 166 174 182 190 

95 103 111 119 127 135 143 151 159 167 175 183 191 

96 104 112 120 128 136 144 152 160 168 176 184 192 


NGING 

REER 

ME 

PGRE 


Send me Information on joining IEEE (circle one) 

2 ADDITIONAL COMMENTS 


Regular membership 300 Student 301 


Void after October 1, 1993 


Void overseas November 1, 1993 


7/93 


:>ingapore 

Technical Staff 

ng areas: 

L Responsible for rhe R&D 
grofed circuits and systems, 
ten years of experience in 
OS/DiCMOS onolog circuits 
olifiers. Experience in data 
3nd/or high performance 


To help semiconductor researchers be as 
effective as possible, the Semiconductor 
Research Corp. (SRC) has for the past two 
years put out a directory of key faculty 
engaged in semiconductor research. It is 
now in the process of gathering data for its 
third directory, for publication next January. 

The new directory will include all full¬ 
time faculty in Canada as well as a larger 
number of people in the United States 
whose work is not sponsored by the SRC. 

To gafter names for the updated version, 
the SRC is surveying full-time faculty from 
June through September, requesting those 
engaged in semiconductor research to fill 
out a one-page questionnaire about their 
research activities and interests. For pim- 
poses of the survey, “semiconductor re¬ 
search” includes research on devices, de¬ 
sign, process technology, manufacturing 
systems, packaging, and reliability. The third 
^miconductor Research Faculty Profile 
will consist of both a computer database and 
a bound directory. 

Researchers included in the second edi¬ 
tion of the directory will automatically be 
mailed a questionnaire for updating. Sub¬ 
scribers to the SRC Nemletter will find a 
questionnaire printed in the August issue. 
Others who think they should be listed in 
the new directory may obtain a question¬ 
naire free of charge from the SRC. Contact: 
The SRC Faculty Profile, Semiconductor 
Research Corp., Box 12053, Research Tri¬ 
angle Park, NC 27709; 919-541-9400; fax, 
919-541-9450; or circle U4. 


COORDINATOR: Michael J. Riezenman 
CONSULTANT: Paul AT. Wolfgang, Boeing 



_j Responsible 

for applied RbU in silicon-based sensor technology. Job 
includes sensor design, process simulofion and development, 
testing ond packaging. Must hove of least five years of 
experience in sensor development work. 

^Foiiure Anolysis fr Reliobilify. Responsible for co- 
^ ordinoting and developing new FA and Reliability techniques 
and methodologies for sfafe-ot-fhe-orf microelectronics 
components ond subsystems utilizing advanced onolyticol tools 
such os STEM, FE SEM/EDX, FTIR, FIB/EDT and TA. Must be innovative 
and flexible with experience in semiconductor technology, 
packaging and/or reliobilify testing. Project development ond 
ieodership is essenfiol. 

^Advanced Packaging Develapment Suppart. 

^ Responsible for R&D in packaging technology, supporting 
advanced packoge development ond solving current pockog- 
ing problems. Must be innovofive and hove extensive 
experience in packaging processes, moteriol chorocferizofion, 
reliability testing and knowledge of FEM stress/fhermol/ 
electrical simulations. 

Applicants for the obove positions must hove a minimum industriol 
experience of five yeors with a PhD, or fen yeors with o Master's 
degree. 

Successful candidates will be affered campetitive salary and 
attractive compensatian and benefits package which includes 
settling-in and children's education allowances, subsidized housing, 
passage assistance ond medical benefits. 

Qualified oppliconts should send o two-page resume including 
salory history fo: 

Dr Dill Y S Chen 

Director, Institute of Microelectronics 
Block 750E, Choi Chee Rood #07-03/04 
Choi Chee Industrial Pork, Singapore 1646 
Republic of Singapore. Fox: (65) 449-6158 
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tially reduced prices. 
The discounts are valid t 
through Aug. 31, 1993. 


PEARSC 

Wide Band, Precii 

current 

MONITOR 

With a Pearson™ Current Monitor and 
an oscilioscope, you can make precise 
ampiitude and waveshape measurement 
of ac and pulse currents from milli- 
amperes to kiloamperes. Current can be 
measured in any conductor or beam of 
charged particles, including those at very 
high voltage levels. A typical model gives 
an amplitude accuracy of +1%, -0%, 

20 nanosecond rise time, droop of 0.8% 
per millisecond, and a 3 dB bandwidth of 
1 Hz to 20 MHz. 

Pulse TVansformers 

Pearson Electronics specializes in the 
design of high voltage pulse trans¬ 
formers. Typical applications are for units 
supplying power to high power micro- 
wave tubes, particle accelerator Injection 
systems, pulsed x-ray tubes, high power 
lasers and plasma physics applications. 

Capacitive 
Voltage Dividers 

Pearson high voltage coaxial capacitive 
dividers permit measurement of pulse 
voltages up to 500 kV. The incorporation 
of a simple yet elegant geometry assures 
precision, stability, and reliability. The 
units are designed for immersion in high 
voltage insulating oil and are frequently 
used in observing the output wave shape 
of our high voltage pulse transformers. 

Contact us for engineering data. 

PEARSON 

ELECTRONICS, INC. 

I860 Embarcadero Road 
Palo Alto, Calif. 94303, U.S.A. 

Telephone (415) 494-6444 

Telex 171 -412 • FAX (415) 494-6716 


other software compa- 

nies. Those packages, 

like Labtech Notebook and DriverLinx, are 

also offered at reduced prices if they are 

purchased in combination with Keithley 

data-acquisition boards. 

The savings offered are substantial. For 
example, the combination of ±e DAS-16(X) 
board and Easyest LX software is being 
offered for $1194, which is $400 less ±an 
the cost of the two items separately—a 
saving of more than 25 percent. 

The catalog is available free of charge. 
Contact: Keithley Data Acquisition, 440 
Myles Standish Blvd., Taunton, MA 
02780; 800-348-0033; or circle 110. 


COMPONENTS 


Although commonplace, charging and dis¬ 
charging lead-acid storage batteries is not 
without its problems. The batteries give off 
hydrogen, which can be explosive in 
enclosed areas. Watering can be inconve¬ 
nient, especially for photovoltaic systems, 
which are often built in remote locations. 
And corrosion is always a danger. 

These difficulties can be mitigated 
through the use of Hydrocap vents—cat¬ 
alytic battery caps that combine emitted 
hydrogen gas with oxygen and return the 
resultant water to the battery cell. In 
returning water to the battery cells, the 
caps wash acid spray and fumes back into 
the cells, thereby reducing the corrosion of 


the physics or mathematical aspect of the 
problem and an annotated description of 
the solution. Some of the applications dis¬ 
cussed are electromagnetism, circuit theo¬ 
ry, signal processing, and filter design. 

The references run under MS-DOS 3X 
or higher, Windows, Mac OS 6.05 or later, 
and the popular Unixes. They require 
Mathcad 3.1 or higher and about 4-6 MB 
of hard-disk space, depending on configura¬ 
tion. Contact: MathSoft Inc., 201 Broad¬ 
way, Cambridge, MA 02139-1901; 800-628- 
4223; or circle 112. 


Seeing optical properties 

Based on a database and algorithms under 
development since 1988 by the Electro-opti¬ 
cal Systems Group of the John Hopkins Uni¬ 
versity/Applied Physics Laboratory and 
ARSoftware Inc., Optimatr is a PC applica¬ 
tion that provides the optical properties of a 
wide variety of materials used in electro¬ 
optics. Among the substances covered are 
germanium, silicon, sapphire, diamond, and 
gallium arsenide, as well as those materials 
typically used for optical-bench windows, 
lasers, and lenses. 

Serving as a handy reference, the pro¬ 
gram calculates the absorption coefficient, 
index of refraction, and scattering coeffi¬ 
cient for over 100 types of crystals, 
dielectrics, semiconductors, metals, and 
glass. Users specify the wavelength range 
of interest, the desired step size, and the 
temperature in Kelvin to be used in deter¬ 
mining those parameters, and then hit C to 
calculate. (Alternatively, the wave number 
may be specified instead of the wave¬ 
length.) 

While the parameters are being calculat- 


Redueing battery maintenance 
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ed, the screen presents the names of the 
mathematical models being used. For 
determining absorption coefficients, the 
models provided are the one photon and 
free carrier, the multiphoton, and the 
Urbach tail. For accurate calculation of the 
index of refraction at room temperature, 
there is the Sellmeier model, and scatter is 
determined using Rayleigh (intrinsic) and 
Mei (extrinsic) equations. If an experienced 
optical practitioner wishes, he or she may 
edit these models or the material database. 

The program runs on an 80X86 IBM- 
compatible PC with an EGA/VGA card 
under MS-DOS 3.1 or higher. And while 
the program can emulate floating-point 
operations, a math coprocessor is recom¬ 
mended. Until July 31, Optimatr is priced at 
$495; after that ±e list price will rise to 
$695. Contact: ARSoftware Inc., 8201 
Corporate Dr., Suite 1110, Landover, MD 
20785; 800-257-0073; fax, 301-459-3776; 
or circle 113. 


SOLID STATE 


Getting listed for chip research 

To help semiconductor researchers be as 
effective as possible, the Semiconductor 
Research Corp. (SRC) has for the past two 
years put out a directory of key faculty 
engag^ in semiconductor research. It is 
now in the process of gathering data for its 
third directory, for publication next January. 

The new directory will include all full¬ 
time faculty in Canada as well as a larger 
number of people in the United States 
whose work is not sponsored by the SRC. 

To gather names for the updated version, 
the SRC is surveying full-time faculty from 
June through September, requesting those 
engaged in semiconductor research to fill 
out a one-page questionnaire about then- 
research activities and interests. For pur¬ 
poses of the survey, “semiconductor re¬ 
search” includes research on devices, de¬ 
sign, process technology, manufacturing 
systems, packaging, and reliability. The third 
Semiconductor Research Faculty Profile 
will consist of both a computer database and 
a bound directory. 

Researchers included in the second edi¬ 
tion of the directory will automatically be 
mailed a questionnaire for updating. Sub¬ 
scribers to the SRC Newsletter will find a 
questionnaire printed in the August issue. 
Others who think they should be hsted in 
the new directory may obtain a question¬ 
naire free of charge from the SRC. Contact: 
The SRC Faculty Profile, Semiconductor 
Research Corp., Box 12053, Research Tri¬ 
angle Park, NC 27709; 919-541-9400; fax, 
919-541-9450; or circle U4. 


COORDINATOR: MictiaelJ. Riezenman 
CONSULTANT: Paul A. T. Wolfgang. Boeing 
Defense & Space Group 


CHALLENGING 
RGD CAREER 
WITH IME 
r^ SINGAPGRE 


! 


INSTITUTE OF MICROELECTRONICS 
National University of Singapore 

invites applications for Senior Technical Staff 
positions in the following areas; 


Uvisi 

^ nfnp- 


Circuit Design end Test. Responsible for the R&D 

of next generation mixed-signal integrated circuits and systems. 
Must be innovative and hove of least ten years of experience in 
the design and development of CM0S/DiCM05 onolog circuits 
such as A/D, D/A, filters, PLL ond omplifiers. Experience in doto 
communications, precision audio ond/or high performance 
video systems is desirable. 

^Microelectronic Process Technology. Responsible 

^ for applied R&D in silicon-bosed sensor technology. Job 
includes sensor design, process simulation and development, 
testing and pockoging. Must hove ot least five years of 
experience in sensor development work. 

^Failure Anolysis 6 Reliability. Responsible for co- 
^ ordinoting and developing new FA ond Reliability techniques 
and methodologies for state-of-the-art microelectronics 
components and subsystems utilizing advanced onolyticol tools 
such os STEM, FE SEM/EDX, RIR, FID/EDT ond TA. Must be innovative 
ond flexible with experience in semiconductor technology, 
packaging ond/or reliability testing. Project development and 
leadership is essential. 

^Advanced Pockoging Development Support. 

^ Responsible for R&D in packaging technology, supporting 
odvonced package development ond solving current packag¬ 
ing problems. Must be innovative ond hove extensive 
experience in pockoging processes, moteriol characterization, 
reliability testing and knowledge of FEM stress/thermol/ 
electrical simulations. 

Applicants for the above positions must hove o minimum industrial 
experience of five years with o PhD, or ten yeors with a Master's 
degree. 

Successful candidates will be affered campetitive salary and 
attractive compensatian and benefits package which inciudes 
settling-in and children's education oilawances. subsidized housing, 
passage assistance ond medicoi benefits. 

Qualified applicants shauld send a two-page resume including 
salary history to: 

Dr Bill Y S Chen 

Director, Institute of Microelectronics 
Block 750E, Choi Chee Rood #07-03/04 
Choi Chee Industriol Pork, Singapore 1646 
Republic of Singopore. Fox: (65) 449-6158 


llili 


^ Institute of Microelectronics 


IEEE SPECTRUM JULY 1993 















rpyiviiiw 

^ The Srd IEEE 

International Workshop on Photonic 
Networks, Components and Applications 


with the major theme 

Photonics at the Atlanta Olympics 

September 26-29,1993 
Westin Peachtree Plaza, 

Atlanta, Georgia USA 

In cooperation with: 

IEEE ComSoc and LEOS Societies -/a A- 
Georgia Centre for Advanced wj 
Telecommunications Technoiogy 
National Research Council of Canada 

Ottawa Carleton Research Institute y J 
Telecommunications Research Institute 
of Ontario 


Photonics ’93 will focus on optical systems and 
components enabling broadband communications 
and their applications, including Olympics events, as 
they happen. A major emphasis is expected in WDM 
fiber networks, ATM switching, high-performance 
computer interconnections and technologies 
achievable through the collaborative efforts of telco, 
TV-broadcast, cable-TV and satellite communications. 


Keynote Speakers; R. Khan, NREN, "US National 
Broadband Testbeds", R. Snelling, GCATT, "Events 
driven technology -1996 Olympics" 

Invited Speakers: L. Thylen, Royal Inst. Techn., 
"Photonics in broadband communications in Europe: 
systems demonstrations", J. Mathis, IBM, "Fiber 
channel computer networks", T. Gailord, Georgia Tech., 
"Electronic wave devices for telecommunications", 

L. Mollenauer, AT&T Bell Labs, "Solitons" and others. 
Tutorial: S. Hinton, McGill U., "Photonic Switching" 

Panel discussions: "Efficient modulation techniques for 
broadband multimedia", "Photonic Packaging for 
Multichip Modules", "Nonlinear effects in high speed 
fiber communications - good news or bad news?" 

Workshop Chairmen; 

Jack Terry, Bell-Northern Research 
Richard Snelling, Georgia Centre 
for Advanced Telecommunications Technology 

Program Chairmen: 

Jacek Chrostowski, 

National Research Council of Canada 
Carl Verber, 
Georgia Institute of Technology 

Program Committee: 

J. Buck (Georgia Ins. Tech) P. Leach (TRIO) 

D. Chan (Northern Telecom) H. Mouftah (Queen’s U.) 
T. Drabik (Georgia Ins. Tech) J. Sauer (U. Colorado) 

A. Hausain (Honeywell) R. Soderstrom (IBM) 

Registrations: K. Mahoney, 340 March Road, Suite 400, 
Kanata, Ontario CANADA K2K 2E4 Tel: 613-592-8160 
FAX: 613-592-8163 e-mail; KMAHONEY@carleton.ca 
Circle No. 16 


AUTOTESTCON 



SAN ANTONIO 
CONVENTION CENTER 
121 ALAMO PLAZA 
SAN ANTONIO TX 78205 


ENHANCING MISSION EFFECTIVENESS 


THE SYSTEMS READINESS 
TECHNOLOGY CONFERENCE 


20-23 SEPTEMBER 1993 


POINTS OF INTEREST: 

* Visit 150-1- Exhibits 
Representing Today’s 
Leaders in Technology 
Enhance your Competitive 
Edge 

* Discover Key Products 


AREA ATTRACTIONS: 

* The Alamo 

* San Antonio Riverwalk 

* Alamodome 

Sea World Of Texas 

* Fiesta Texas 


EXHIBITORS: Contact the Exhibits Committee at (210) 432-1341 


(Detach here and Maii) 



ATTENDEES 

REQUEST FOR REGISTRATION 


NAME: 


COMPANY: 


ADDRESS: 
PHONE: _ 


MAIL TO: 

AUTOTESTCON ’93 
P.O. BOX 276275 
SAN ANTONIO TX 
78277-9998 
TEL (210) 674-6300 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


Tlie following listings of interest to IEEE members have 
been placed by educational, goverment, and industrial 
organizations as well as by individuals seeking posi¬ 
tions. To respond, apply in writing to the address given 
or to the box number listed in care of Spectrum Maga¬ 
zine, Classified Employment Opportunities Department, 
345E.47thSt.,NewYork,N.Y. 10017. 

ADVERTISINB RATES 

Positions open— $36.00 per line, not agency- 
commissionable 

Positions wanted— $36.00 per line, a 50% dis¬ 
count for IEEE members who supply their member¬ 
ship numbers with advertising copy. 

All classified advertising copy must be received by 
the 25th of the month, two months preceding the date 
of issue. No telephone orders accepted. For further 
information call 212-705-7578. 

IEEE encourages employers to otter salaries that are 
competitive, but occasionally a saslary may be offered 
that is significantly below currently acceptable levels. 
In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


Academic positions open 


Department of Electrical and Computer Engi¬ 
neering (ECE), Ohio University: Applications are 
invited for a junior level, tenure-track position 
with an avionics interest. Duties will include 
teaching at txith the graduate and undergradu¬ 
ate levels, developing and teaching avionics- 
related courses, promoting and participating in 
avionics-related research, and directing re¬ 
search of graduate students in the avionics area. 
ECE offers both the M.S. and the Ph.D. degrees. 
The department is composed of an academic 
unit with 21 full-time faculty and a research unit, 
the Avionics Engineering Center (AEG), with a 
staff of more than 25. the person holding this 
position will be expected to conduct and promote 
research under the auspices of the AEG. Appli¬ 
cants must have a Ph.D. or equivalent degree in 
electrical engineering. The AEC is a unique 
organization that specializes in research and 
engineering related to safety in take-off, landing, 
and navigation phases of flight. Research topics 
in AEC include ILS, MLS, GPS, LORAN, VOR, 
radio frequency interference and communica¬ 
tions. The present external support of the AEC 
exceeds $3.0M per year. The AEC has excellent 
research equipment and facilities, including two 
instrumented aircraft and a recently built hangar 
worth more than $1M. The department and col¬ 
lege have a wide range of computing equipment, 
including SUN workstations and IBM-compatible 
personal computers. Applications will be ac¬ 
cepted until the position is filled. Send resume 
and names of at least three references to Dr. Jer- 
rel R. Mitchell, Chairman, Electrical and Com¬ 
puter Engineering, Stocker Center, Ohio Univer¬ 
sity, Athens, OH 45701-2979. Ohio University is 
an equal opportunity and affirmative action 
employer. 


Princeton University: The Department of Elec¬ 
trical Engineering invites applications for a full 
time tenure-track faculty position in the area of 
optics and advanced photonic materials, devices 
or systems. Materials, devices or architectures 
work should concentrate on their application to 
ultra high bandwidth or high density photonic 
systems. Examples include semiconductor lasers, 
ultrahigh bandwidth integrated circuits, lll-V and 
ll-VI photonic device fabrication and characteri¬ 
zation, optoelectronic integrated circuits, inte¬ 
grated optics, optical/materials interactions, pho- 
torefractive and nonlinear optical materials and 
devices, and optical architectures including com¬ 
puters, neural nets, signal processors, etc. Can¬ 
didates should have a desire for working in a 


group environment on collaborative projects with 
new scientific objectives and content. Please 
send a complete resume, a description of re¬ 
search and teaching interests, and names of 
three references to Professor Stuart Schwartz, 
Chair, Dept, of EE, Princeton University, Prince¬ 
ton, NJ 08540-5263. Princeton University is an 
equal opportunity/affirmative action employer. 

Industrial Research Chairs in Instrumentation 
& Control. In anticipation of the establishment of 
Industrial Research Chairs in Advanced Instru¬ 
mentation and Control, the Faculty of Engineer¬ 
ing at the University of New Brunswick is inviting 
applications from highly qualified individuals, 
me industrial partner with the University is Mon- 
enco-AGRA, a highly respected firm in engineer¬ 
ing and contracting. It is anticipated that these 
Chairs will be in place in early 1994. The appoint¬ 
ments, which are tenure track, will be for a Senior 
and a Junior Chair. One of these appointments 
will be in Electrical Engineering. Qualified candi¬ 
dates from any engineering discipline will be seri¬ 
ously considered.T-ligh academic qualifications, 
industrial experience and willingness to collabo¬ 
rate with industty will be major factors in candi¬ 
date selection. The Faculty of Engineering has 
programs in place in the areas of performance 
monitoring and fault diagnosis, smart sensors 
and actuators, real time data acquisition, simula¬ 
tion, and robust control design. In addition, coop¬ 
eration will be expected with existing Industrial 
Research Chairs such as Nuclear Ehgineering 
and Pulping Technolpgy as well as with the 
Power F'lant Engineering Practice Chair. Candi¬ 
dates must have a PhD with a strong applied 
research background in control and instrumenta¬ 
tion. IndustriaT experience is mandatory. The 
Senior Chair will have an established interna¬ 
tional reputation. The Junior Chair will be an 
established research performer with appropriate 
experience and a developing career. Full collab¬ 
oration with Monenco-AdRA and other industrial 
sponsors must be a commitment of the selected 
candidates. An important goal of the Chairs will 
be the transfer of technology to industry. The 
University of New Brunswick is committed to the 
principle of employment equity. In accordance 
with Canadian Immigration requirements, priority 
will be given to Canadian citizens or permanent 
residents. The closirig date for nominations and 
applications will be September 1, 1993, or until 
the position is filled. Nominations, applications 
and requests for information should be for¬ 
warded to: Dr. Wolfgang Faig, Dean, Faculty of 
Engineering, University of New Brunswick, P.O. 
Box 4400, Fredericton, NB Canada E3B 5A3. 
Fax: 506-453-4569. 


The Electrical Engineering Department at 

Tuskegee University invites applications for sev¬ 
eral tenure-track faculty positions at the Assis¬ 
tant and Associate Professor levels beginning 
Fall 1993 semester in the areas of communica¬ 
tions, VLSI systems, signal processing, solid- 
state microelectronics, electronic materials and 
computer engineering. Candidates must have an 
earned Ph.D. in Electrical Engineering and 
should have demonstrated potential for teaching 
and development of research in his/her area of 
specialty. Also, candidates should show a strong 
commitment to the professional development of 
African Americans. Send resume and names of 
three references to: Office of the Dean, School of 
Engineering and Architecture, Tuskegee Univer¬ 
sity, Tuskegee, Alabama 36088. Ph: (205) 727- 
8355. Tuskegee University is an equal opportu¬ 
nity/affirmative action employer. 


The Chinese University of Hong Kong invites 
applications to faculty positions in all areas 
related to communication technologies. Please 
send full resume, names of at least three refer¬ 
ences, and a brief research plan to Chairman, 
Department of Information Engineering, The Chi¬ 
nese University of Hong Kong, Shatin, N.T., 
Hong Kong. For inquiry, e-mail: tsyum@ie. 


Assistant Professor, Electrical Engineering 
Technology; 40 hrs./wk, 9am-5pm; Sal: $34,700 
per yr; teach Control Systems, Electronic Device 
Applications, & Fundamentals of Electronics; 


supervise students’ project for design, compiling 
& programming of computer programmable chip 
array logic according to design; draft curriculum 
materials for teaching of Very Large Scale Inte¬ 
grated Circuits (VLSI), incl. principles of design & 
chip fabrication of complex circuit for purposes of 
utilizing capabilities in state of the art” semicon¬ 
ductor computer devices. Reqs: MS in Electrical 
Engineering incl. 3 credit hr. courses in Digital 
--n; Memory & Interface, VLSI, & Advanced, 


_^ „ _itely in U.. 

resume in duplicate (no calls) to J. Davies, JO# 
1333275, Ohio Bureau of Employment Services, 
PO Box 1618, Columbus OH 43216. 

Grad Student Ph.D. Assistantships open tor 
only highly e^rienced engineers in the power 
quality area. Send resume with refs and GRE to 
Dr. Alex Domijan, Director, Florida Power Affili¬ 
ates, Dept. Of Electrical Engineering, Univ. of 
Florida, 323 Benton Hall, Gainesville, FL 32611, 
(904)392-0290. 

Assistant/Associate Professor. The Depart¬ 
ment of Electrical Engineering is seeking ^pli¬ 
cations for tenure-track faculty position starting in 
Fall 1993. Applicant should have a Ph.D d^ree 
in Electrical Engineering and/or Computer Engi¬ 
neering. Main areas of interest include Computer 
Engineering with emphasis in hardware and soft- 


Sys- 


_,__js include teaching graduate and 

undergraduate courses in areas of specializa¬ 
tion. Develop related laboratories, advise and 
supervise student design projects, attract and 
execute funded research, generate refereed 
publications and promote public service. Appli¬ 
cations containing a recent resume should be 
sent to Tennessee State University, Personnel 
Office, 3500 John Merritt Blvd., Nashville, TN 
37209-1561 by July 10, 1993. TSU is an equal 
opportunity/affirmative action employer. 

The Department of Electrical Engineering and 

Applied Physics of the Oregon Graduate Institute 
oiScience & Technology is interested in receiv¬ 
ing applications for several new faculty positions 
in the department. Primary attention will be given 
to applicants at the assistant professor level, 
however, applications at higher levels will be 
considered based on expertise and qualifica¬ 
tions. A Ph.D. in electrical engineering or related 
field is required. Areas of consideration include; 


including teaching and course development, 
publications in reviewed journals, activity in their 
professional expertise and a strong record of 
success in funded research in their relevant 
area. Duties will include teaching and depart¬ 
ment services, as well as funded research. The 
individual is expected to build a strong externally 
funded research program. Interested persons 
should submit a complete resume and names of 
three references to; Dr. Thomas W. Sigmon, 
Douglas Strain Professor and Department Head, 
Department of Electrical Engineering and 
Applied Physics, Oregon Graduate Institute of 
Science & Technology, 20000 N.W. Walker 
Road, P.O. Box 91000, Portland, OR 97291- 
1000. Affirmative Action/Equal Opportunity 
Employer. 


University of Hawaii at Manoa, Department of 
Electrical Engineering, invites applicants for a 
tenure-track associate professor or assistant 
professor position with specialization in Comput¬ 
ers: Advancement of knowledge and state or the 
art in high performance computing systems, 
image understanding or parallel ancTdistributed 
algorithms. Duties: Teach EE undergraduate 
and graduate courses, serve on university and 
department committees, conduct research and 
scholarly activities, and perform related tasks as 
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CLASSIF/ED EMPLOYMENT OPPORTUNITIES 


assigned. Minimum Quaiifications: Associate 
Professor: Ph.D. degree in eiectricai engineer¬ 
ing, computer science, or equivaient; minimum 
of four years of fuli-time coilege or university 
teaching at the rank of assistant professor or 
equivaient, with evidence of increasing profes¬ 
sional maturity; demonstrated scholarly achieve¬ 
ment in comparison with peers active in the 
same field; demonstrated ability to plan and 
organize assigned activities, including the super¬ 
vision of work of assistants when appropriate; 
ability to pursue and supervise research; strong 
commitment to both undergraduate and gradu¬ 
ate teaching. Assistant Professor: Ph.D. degree 
engineering, computer science, or equivalent; 
demonstrated ability to teach; demonstrated 
scholarly achievement; ability to pursue and 
supervise research; strong commitment to both 
undergraduate and graduate teaching. Minimum 
Academic Salary; Associate Professor: $64,872; 
Assistant Professor: $51,264. Position is contin¬ 
gent upon the availability of funds. Send resume 
and three references by August 31,1993 to Pro¬ 
fessor Shu Lin, Chairman, Department of Electri¬ 
cal Engineering, University of Hawaii at Manoa, 
2540 Dole Street, Holmes Hall 483, Honolulu, HI 
96822. An Equal Opportunity/Affirmative Action 
Employer. 

SMU: The Department of Electrical Engineering 
invites applications for a full-time, tenure-track 
faculty position at the junior or senior level. The 
successful candidate should have an earned 
Ph.D in electrical engineering, demonstrated 
research ability, with a strong interest and com¬ 
mitment to undergraduate and oraduate teach¬ 
ing. Areas of interest include VLSI design, micro¬ 
processors, digital systems, telecommunications 
and related areas. If is anticipated that the posi¬ 
tion will be filled January, 1994. SMU is a pnvate 
university with approximately 8,000 students. 
The Electrical Engineering Department resides 
within the Schoof of Engineering and Applied 
Science where a close working relationship 
exists with the Departments of Computer Sci- 


levels and has extensive contacts with engineer¬ 
ing oriented industrial firms that distinguish Dal¬ 
las as one of the top centers of high technology. 
Please send a complete resume that inclutfes 
teaching interests, research activities, and the 
names of five references to: Professor Jerome K. 
Butler, Chairman, Department of Electrical Engi¬ 
neering, Southern Methodist University, Dallas, 
TX 75275-0335. SMU is an equal opportunity/ 
affirmative action. Title IX employer and specifi¬ 
cally encourages applications from women and 
minorities. Applications will be accepted until the 
position is fillM. 

Arecibo Observatory, Electronics Department 
Head. The National Astronomy and Ionosphere 
Center, headquartered at Cornell University, 
invites applications for the position of Head of the 
Electronics Department at the Arecibo Observa¬ 
tory in Puerto Rico. The Observatory, which car- 


omy and in studies of the earth’s atmosphere, is 
operated by Cornell University for the National 
Science Foundation. Most of fhe Observatory’s 
research activities center around the use of tne 
100-ft. diameter antenna, which is equipped with 
sensitive receiving equipment for radio astro¬ 
nomical observations at frequencies tjetween 25 
MHz and 5 HGz. Two high-powered transmitters 
at a separate transmitter facility are used for 
ionospheric modification experiments. A major 
NSF/NASA-supported upgrading of the 1000 ft. 
telescope is currently undenivay, which will make 
very substantial improvements in its sensitivity 
and frequency coverage. New analogue and dig¬ 
ital instrumentation is under development or 
planned to support these new capabilities. The 
Department Head will be responsible for super¬ 
vising approximately six engineers and twelve 
technicians and support personnel, interacting 
with NAIC’s research and professional staff to 
define priorities for instrumentation develop¬ 
ment, organization of the design and construc¬ 
tion of instrumentation, and ensuring that all 
existing equipment is properly maintained. Appli¬ 
cants should have a BS degree in Engineering, 


- ..._ Observatory: low- 

--amplifiers, IF/LO systems, digital 

signal processors, high-powered transmitters, 
etc. Experience in managing projects and small 
engineering groups is higTily desirable. The suc¬ 
cessful candidate will be an employee of Cornell 
University and eligible for all the University’s nor¬ 
mal benefits, including health benefits, generous 
vacation time, and assistance with moving 
expenses to and from Puerto Rico for non-resi¬ 
dents of Puerto Rico. Applications should be 
received by August 15, although late applica¬ 
tions may be considered. Please reply to: Dr. 
Paul F. Goldsmith, Director, NAIC, 502 Space 
Sciences Building, Cornell University, Ithaca, NY 
14853-6801. Cornell University is an equal 
opportunity/affirmative action employer. 

Athens Technical Institute, Athens, GA, seeks 
nine-month faculty member in ABET-accredited 
engineering technology program. Master’s de¬ 
gree in electrical engineering or electrical engi¬ 
neering technology, recent industrial experience 
with programmable logic controllers and micro¬ 
computer programming/interfacing, and demon¬ 
strated ability to communicate effectively in Eng¬ 
lish required. Consideration given to BSEE or 
BSEET and master’s degree in closely related 
field. Teaching experience is desirable. Applica¬ 
tion deadline is Aug. 13,1993, with employment 
beginning Fall. Send resume, three letters of rec¬ 
ommendation and official transcripts to Dr. 
Robert A. Hawley, Dean, Athens Technical Insti¬ 
tute, U.S. Highway 29 N, Athens, GA 30610. An 
EEO InstitutSn. 


Dovernment/Intiustrv Positions Open 


Supervise designers and CAD operators. Must 
have BSEE, professional registration in any 
state, at least five years design experience, and 


mentation would be beneficial. Typical clients of 
our firm include municipal water districts, petro¬ 
leum refineries, copper smelters, and school dis¬ 
tricts. Bath & Associates, Inc., 4110 Rio Bravo, 
Suite 102, El Paso, Texas 79902. 


Software Engineer III to develop synthe: 
ware for PLD & FPGA devices; modify & support 
MIS & ESPRESSO synthesis tools; module test¬ 
ing and design irnprovements. Must have: Mas¬ 
ter’s Degree in Electrical and Computer Engi¬ 
neering w/specialization in FPGA Mapping Tech¬ 
niques; 4 years experience as design/software 
engineer including digital circuit design, ad¬ 
vanced synthesis algorithms (logic synthesis, 
RTL level synthesis, state machine synthesis) & 
random logic/boolean minimization. Experience 
or education must also include work w/CAE 
tools, C/C++ coding, and SUN UNIX & DOS 
operating ^sterns. Salary $45,870/year; 40 
hrs/wk in Redmond, WA. Send resume by 
August 1, 1993 to: Employment Security Dept., 
E&T Div., Job Order #356666, P.O. Box 9046; 
Olympia, WA 98507-9046. EOE. 

Software Design Engineer; By July 31, 1993; 


_Olympia,__ 

Description: Designs complex software for 
microcomputer software under limited supervi¬ 
sion. Coordinates program development, writes 
functional specifications and standards, and per¬ 
forms functional verification of multiuser rela¬ 
tional database software product that accommo¬ 
dates localization, including database program¬ 
ming languages. Works with documentation 
team to ensure accuracy and clarity of docu¬ 
mentation and with product support team 


tional dat J}ase management systems and appli¬ 
cations for systems with personal and mini com¬ 
puters, including database engine and indexed 
sequential access method software. Must 
include 6 months work or school thesis project 
experience in prpgramming or computer soft¬ 
ware design utilizing MS-DOS and Unix operat¬ 
ing systems, “C”, BASIC, dBASE and SQL pro- 
pigpnenta- 


--—I SQL pro- 

Requirements: Bachelor’s 

--Computer Sci- 

2 years experi- 


-- „i mathematics and 

database theory. Experience may be gained 
concurrently. Must have legal authority to work in 
the United States. Job location: Seattle Area 
Employer. Salary: $46,000-$52,000 per annum, 
depending on experience. Compensation pack¬ 
age includes bonuses and stock options. 40 
hours per week, flex time. EOE. 

Telecom Field Engineer to work on satellite 
systems in remote areas of former Soviet Union. 
Field experience on VSATs, radios and micro- 
wave necessary. Will work with international 
technical team. Preference to person with inven¬ 
tive attitude. Please fax resume to Vice Presi¬ 
dent, 212-755-0864. 

Mgr., new business deveiopment, for a manu- 
fac. of broad band and satellite-based comm, 
networks and instrumentation for telecomm. 
Detailed technical knowledge of the functionality, 
architecture and applications of DS3 (45 MB/S) 
and Sonet test instrumentation ana systems 
required. Will produce business cases for new 
products, provide market research, interface with 
customers, conduct technical analysis of com¬ 
petitor’s products, interact with R&D and manu- 
rac. engineers, provide proposals and quotations 
(RFI, RfP, RFQ) for new products. Position will 
submit written reports to senior mgt., monitor 
new technologies (ATM and SMDS), participate 
in technical seminars/discussions with earners, 
and develop strategic business initiatives includ¬ 
ing feasibility studies on new product opportuni¬ 
ties and will explore relationships with other com¬ 
panies. May supervise aspects of advertising 
and promotion. B.S.E.E., or equivalent, 7+years 
in similar position or as a Sr. Tech Markfg & 
Sales Engineer required. $63,750/yr. Apply to: 
Georgia D.Q.L. Job Qrder #GA5615472, 1535 
Atkinson Rd., Lawrenceville, GA 30243. 

Sr. Consultant. Provide direct coaching, quality 
assurance & project mgmt. support for Co’s pro- 
priefary Productivity Plus (P+) methodology. Pro¬ 
vide direct support to project teams during all 
phases of development cycle, from preliminary 
analysis through to final implementation. Re¬ 
sponsible for customizing Co s P+ methodology 
for evolutionary prototypes. BSCS, Mathematics 
or related field & 5 yrs. exp. in job offered or 5 yrs. 
exp. in data & database admin., functional 
design or project mgmt., in a large info, process¬ 
ing environ. Exp. must inc. hands-on-work with 
s/w development life cycle methodologies as 
well as data & process modelling techniques; 

'of CASE tools; & implementation of current 


: Seattle, WA. Applicants send a 
to Employment Security Dept, E& 
) #364601, PO Box 9046, Olympi: 


with resume to 
Division, Job #L- . 

WA 98507-9046 no later than 7-30-93. 

Software Design Engineer; By July 31, 1993; 
Please send resume to: Employment Security 
Department, E&T Division, Job#364264-S, P.O. 
Box 9046, Olympia, WA 98507-9046. Job 
Description: Designs, implements and tests soft¬ 
ware for micro computers following standard pro¬ 
cedures. Works with other engineers to design 
and implement an intelligent information linking, 
search, and access system for a distributed, mul¬ 
titasking operating system. Utilizes formal meth¬ 
ods of design to ensure correctness of imple¬ 
mentation. Requirements: Master’s degree in 
Electrical Engineering, Computer Science, Math¬ 
ematics or Physics; 6 months work or minimum 
of semester long school thesis project experi¬ 
ence in programming or computer software 
design utilizing a multitasking operating system, 
and design and implementation of software uti¬ 
lizing artificial intelligence search techniques. 
Experience may be gained concurrently. 20 
course hours in formal methods of design and 
analysis. 20 course hours in artificial intelligence 
and distributed computing. Must have legal 
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authority to work in the United States. Job loca¬ 
tion: Seattle Area Employer. Salary: $40,500- 
$42,500 per annum, depending on experience. 
Compensation package includes bonuses and 
stock options. 40 hours per week, flex time. EOE. 

Network Systems Analyst/Programmer. Will 
serve in network analyst capacity including plan, 
design, and integration of leading edge network 
technologies and also be responsible for day-to- 
day operation and network management of pro¬ 
duction state-of-the-art Unix LAN and WAN. 
Working in a heterogeneous environment, the 
analyst will be responsible for integrating various 
high speed network peripherals and distributing 
computing components found in the high perfor¬ 
mance computing platforms at the Center. In 
addition, the person will be required to evaluate 
current and future network and telecommunica¬ 
tions based technology and actively contribute to 
the longterm computing and networking strategy 
of the Center. Candidate will be responsible for 
implementation and management of portions of 
distributed computing services includirig distrib¬ 
uted file systems, security software, RPC, NTP, 
and threads. Knowledge of DCE, ATM, HIPPI 
and FDDI networking in a UNIX environment. 
Education and Experience: BS/BA degree in 
Computer Science, Engineering or equivalent 
experience. Master's Degree preferred. Exten¬ 
sive experience in the area of high speed net¬ 
working and telecommunications including 
design and management of a large scale Unix- 
based heterogeneous network is essential. Both 
configuration and programming based experi¬ 
ence of TCP/IP network protocols is required. 
Experience working with distributed systems, 
including distributed computing systems, distrib¬ 
uted filesystems and data management sys¬ 
tems. The North Carolina Supercomputing Cen¬ 
ter (NCSC), a division of MCNC, is a state-sup¬ 
ported Supercomputinq Center and Research 
Institute located in the Research Triangle Park, 
North Carolina. Send resume to MCNC, PO Box 
12889, Research Triangle Park, NC 27709- 
2889, reference position 4M6. We are an equal 
opportunity employer. 

Engineer, Control Systems. Specify, evaluate 
and commission instrumentation and control 
systems for refineries and petrochemical plants; 
specify & configure distributed control systems 
(DCS) and programmable logic controllers 
(PLC); specify analyzers, hydrocarbon detec¬ 
tors, vibration monitors and field instruments. 
Size orifice plates and control valves. Develop 
piping and instrument diagrams (P&ID’s) and 
logic diagrams using ISA standards. Implement 
advanced controls for distillation columns, com¬ 
pressors and furnaces. Req’s MSEE or MS in 
process monitoring and control. Min. 3 yrs. exp. 
in job offered or in instrumentation engineering 
experience for refinery or chemical plants. Exp. 
must include: DCS and PLC configuration; 
implementation of advanced controls; and uti¬ 
lization of on-line analyzers, hydrocarbon detec¬ 
tors, vibration monitors, control valves and flow 
meters. Job site/interview, Houston. $4,100/mo. 
Apply at the Texas Employment Commission, 
Houston, Texas, or send resume to the Texas 
Employment Commission, TEC Building, Austin, 
Texas 78778, J.O. #TX6844357. Ad paid by an 
Equal Opportunity Employer. 

Megacell Design Engineer III. Develop silicon 
compilers (C/UNiX) in ChipCrafter environment 
for customer-specified designs using Compiler 
Development System, SPICE circuit simulator, 
schematic editor & Verilog simulator; provide 
analog/digital circuit design, layout & verification 
for standard & custom megacells; develop algo¬ 
rithms for Digital Signal Processing (DSP) esp. 
for full motion video data compression; verity 
algorithms through computer simulation & trans¬ 
late from concept to silicon in ChipCrafter/ 
EPOCH design environment; develop new ideas 
for megacelltohip design, focusing on telecom¬ 
munications & DSP. Must have: Master's Degree 
in Electrical Engineering inclu. 18 credit hours in 
VLSI Circuit Design, Layout, Simulation & Test¬ 
ing, 3 credit hrs in Communication Theory & 3 
credit hrs in Signal Processing; 1 year work 
exper w/ C programming under UNIX, plus or 
concurrently, 1 year work exper in Analog/Digi¬ 
tal/Mixed Signal VLSI design & testing using 
ChipCrafter or EPOCH. $41,000/yr; 40 hrs/wk in 
Bellevue, WA. Send resume by July 30,1993 to: 
Employment Security Dept., E & T Div., Job 


signal processing, control, communications, con¬ 
sumer product related chips & other ASICs. Also 
responsible for assisting CAD tool groups w/ 
design, development & maintenance of VLSI 
CAD tools. Must have: Ph.D. in Electrical Engi¬ 
neering inclu. 20 grad, credit hours in circuits & 
electronics and 16 grad, credit hours in system 
theory, 1 1/2 years research exper. in system 
design process inclu. algorithm devel^ment. 


Salary $52,000/year, 40 hrs/wk in Bellevue, WA. 
Send resume by July 30, 1993 to: Job Order 
#370560, Employment Security Dept., E & T 
Div., PO Box 9046, Olympia, WA 98507-9046. 

Research Associate, Bio-Medical Engineering. 
Research & develop computer-based hardware 
& software to enhance neurophysiological test¬ 
ing & related applications. Teach & train technol¬ 
ogists and fellows technical aspects of neuro¬ 
physiological data acquisition, testing & applica¬ 
tions. Computerize Neuroscience department 
(EEG/EP/Sleep/Video EEG) to facilitate record¬ 
ing, data storage, retrieval & technical reporting. 
Demonstrated expertise in medical signal pro¬ 
cessing, technique of long term monitoring, com¬ 
puter networking, artificia intelligence & artificial 
intelligence languages. M.S.C or equivalent in 
Biomedical Eng. Knowledge of EEG/EP data. 1 
1/2 yrs. exp. $36,000.90 P.A., M-F, 9:00- 
5:00p.m. Resume only to Job Service of Florida, 
701 S.W. 27th Ave., Rm 47, Miami, FL 33135- 
3014, Ref. Job Order No. FL-0821012. 

Engineer, Senior Component Design: Con¬ 
duct VLSI microprocessor design & compaction, 
including VLSI CAD, VLSI logic synthesis & fault 
simulation; ensure testability of designed micro¬ 
processor products; responsible for micro¬ 
processor design functions, including design for 
testability, built-in self test, & d^ay testing 
requirements for future products. Ph.D. in Elec¬ 
trical and/or Computer Engineering, Academic 
project/research background in: CMOS VLSI cir¬ 
cuit & gate level logic design, simulation & layout; 
CMOS VLSI design techniques & methodolo¬ 
gies, including logic synthesis, test generation & 
fault simulation; integrated circuit (IC) testing & 
design for testability; IC design tools and 
methodologies, including VLSI CAD tools; built- 
in self test & delay testing; bipolar device opera¬ 
tion; computer architecture; UNIX operating sys¬ 
tem & UNIX shell programming. $4,600/mo.; 40 
hrs./wk. Place of employment and interview: 
Hillsboro, OR. If offered employment, must show 
legal right to work. Send this ad and your resume 
to: Job Order #5550496, 875 Union Street, N.E., 
Room #201, Salem, OR 97311. The company is 
an equal opportunity employer and fully supports 
affirmative action practices. 

Mission Research Corporation is seeking an 
engineer or physicist (MS or higher preferred) 
with laboratory experience in fiber optics or 
micro-optics, modulation and demodulation of 
laser light, and microwave circuits. Please con¬ 
tact Darlene Morrow, Mission Research Corpo¬ 
ration/8560 Cinderbed Rd., Suite 700/Newing¬ 
ton, VA 22122. MRC is an equal-- 

ity/affirmative-action employer. The s( 

piicant will be subject to a security in_^_ 

and must meet tne eligibility requirements for 
access to classified information. 

Engineer, Electrical. We re the PJM Intercon¬ 
nection, a leading electric utility power pool serv¬ 
ing the Mid-Atlantic Region from our expanded 
facilities in Valley Forge, PA. In this position, 
you'll coordinate and perform electric power sys¬ 
tem flow computer modeling studies for the Elec¬ 
tric Power Network. Working with Engineers and 
Operations Staff, you'll perform analyses and 
develop recommendations for coordinated plan¬ 
ning and operation. To qualify, you'll need: a 
Bachelor’s in Engineering, at least 8 years expe¬ 
rience in electric power system planning and/or 
operations; detailed knowledge of electric power 
system principles, standards and operations; 
and power ^stem loadflow analysis program 
(PTI’s PSS/E software) knowledge. Demon¬ 


strated leadership, organizational, analytical and 
communication skills are required. We offer com¬ 
petitive salary, comprehensive benefits, and a 
commitment to enhancing your future. To apply 
send your resume to: Philadelphia Electric Com¬ 
pany, Staffing Division N1-1 (JCY - Reg #242), 
2301 Market Street, P.O. Box 8699, Philadel¬ 
phia, PA 19101. An equal opportunity employer. 


Application Engineer—BSEE, 3-i- years experi¬ 
ence with near and far field antenna measure¬ 
ment systems. Ability to integrate and install sys¬ 
tem instrumentation, provide customer interface 
and proposal preparation desired. Experience 
with structured and object oriented programming 
required. Must be willing to travel and possess 
good communication skills. US citizenship re¬ 
quired. Sales Engineer (Eastern US)—Engineer¬ 
ing degree, 3+ years experience in the antenna 
and RCS measurement market. A knowledge of 
the Eastern US customer base and a proven 
sales record is desired. Capability to understand 
and demonstrate complex electromagnetic and 
mechanical systems is required. Must be willing 
to travel and possess good communication skills. 
US citizenship required. Reply to ORBIT 
Advanced Technologies, Inc. 905 Sheehy Drive, 
Bldg. G; Horsham, PA 19044. No telephone 
calls. Principals only. 


Gmernment/Intiustry Positions Wanted 


ssino, s 
in. Fmoi 


—-..iputing; L. - 

ine/Fax: London (+44)-87-560-4522. 

M.S. EE seeks Test Equip. Eng. position. Pro¬ 
gramming in Basic. 18 yr. exp. $40K. North Sub¬ 
urban Chicago. (708) 634-1 $77. 


GPIB in Windows™ 

only $195 



When you use 
as your plotting package, 
you can control any IEEE 488 
instruments directly from your 
graphs. All you need is Origin 
and the new $195 LaBGPIB 
module. Other data acquisition 
modules are also available. 

1 - 800 - 969-7720 

MicroCal Software, Inc. 
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PROFESSIONAL CONSULTING SERVICES 


THE CONSULTING GROUP | 


Consulting, Contract RSD, and Prototyping 

Integrated, Fiber, and Guided-Wave Optics 
• Applications Engineering 
• Design, Fabrication and Evaluation 
• Critical Analysis of Technology 
• Troubleshooting 
• Marketing 

R.A. Becker, D. Sc. 

President 10482 Chisholm Ave. 

(408) 446-9812 Cupertino, CA 95014 

Multi-Disciplined Engineers with P.E./Ph.D. 

• Microwave, RF, Fiber-Optic Systems Design 

• Oscillators, Amplifiers, Filters, Antennas, 
Synthesizer/PLL Design, Microprocessor, 

Communication ckts. Industrial Power System. 

R&D, Prototyping & Testing in our Lab facilities. 

119-40 Metropolitan Ave., Ste. A2, Kew Gardens, NY 11415 
Ph. (718) 846-5400 Fax (718) 846-2440 


RAINES ELECTROMAGNETICS 
Consulting Since 1972 

• Antennas and Arrays 

• Scattering and Radar Cross Sections 
• Radhaz & Environmental Impact 

• Simulations of Fields & Phenomena 

Jeremy K. Raines, Ph.D. (MIT), P.E. 

13420 Cleveland Drive (301 ) 279-2972 

Potomac. Marvland 20850-3603 


T TCn U 1 dean ST./B0X 151 

1 ~ 1 CUnTM HUDSON, MASS. 

VOICE: (508) 562 5820 FAX: (508) 568 1219 

RF (TO 2 GHz), ANALOG, VIDEO, 

FIBER OPTICS, PEL'S, SYNTHESIZERS, 

FILTERS, A/D CONVERSION 

THE MOST TIMELY, COST EFFECTIVE, 

AND HIGHEST PERFORMANCE SOLUTION. 


CONTROL SYSTEM CONSULTING 

• Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

• Electrical, mechanical, hydraulic 

• Defense, aerospace, industrial experience 

30 East Gate Road A.R. Hazelton 

Danbury, Conn. 06811 (203) 743-7002 


SOFTWARE ENGINEERING 

• Software Process Assessment 

• Transition to Object-Oriented 

• Methods and CASE Training 

• Technology Transfer Services 

• Out-Sourcing Services 

Carl A. Argila, Ph.D., Inc. 

SOFTWARE ENGINEERING CONSULTANT 
800-347-6903 




IRAJ. PITEL, Ph.D. 

Consulting, Research and Development 
in Power Electronics and Magnetics 

Power Supplies, Inverters, Converters, Motor 
Drives, Lighting Controls, Industrial Controls, 
Transformers, and Special Magnetics. 

MAGNA-POWER ELECTRONiCS, iNC. 

135 Route 10 Whippany, NJ 07981 
(201)428-1197 


Patent Attorney 

Robert E. Malm, Ph.D. (M.I.T.) 

Post Office Box 522 

Pacifie Palisades, CA 90272 

Tel: (310)459-8728 

Fax: (310) 573-1781 




Design for FCC and European EMI Specs 

Specializing in hoard-level digital design techniques, 
Labitest capabilities and EMI simulationianalysis, 
transmission-line, and Gerber file software. Training, 
design reviews, and design/retrofit consulting. 
NARTE certified engineers. 

TKC • The Keenan Corporation (813)544-2594 

The Keenan Building 8609 66th St. North 

Pinellas Park. Florida 34666 R. Kenneth Keenan, Ph D. 


r 

i 

O.E.M. Electronic Products 

13 Year Product Development History 

Custom, RFIDigiral ASICs • RF Systems 
Computerized Instrumentation 

Spread Spectrum Communications 

Hitachi Authorized Design Center 

LOCUS, Inc. II 


608/244-0500 FAX 608/^4-0528 | 




LEONARD R. KAHN, P.E. 

Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 

Registered Patent Agent 

222 Westbury Ave. 

Carle Place, NY 11514 

516-222-2221 


1 INDUSTRIAL CONTROLS 1 

CUSTOM MICROPROCESSOR CONTROLS 

• Process Controls • Instrument Design 

• Medkal^Electronics • ftototype Production 

'W'WT Wintriss Engineering Corporation 
^^4715 Viewridge, San Diego 92123 
f f (800) 733-8089 Vic Wintriss, MSEE 


International Compliance Corporation 


CONSULTING & PROTOTYPES 

Design, Test, & Consulting 

• FCC CertificationA/erification 
•VDE.CISPR.VCCI (Japan) 

• ”1992” European Compliance Testing 

• Product Safety: UL, CSA, lEC, VDE 

• Electrostatic Discharge (ESD) 

• MIL-STD 461/462, NARTE-Certified Engineers 

1911 E. Jeter Rd (817) 491-3696 

Argyle, TX 76226-9401 Fax: (817) 491 -3699 


HfCTRimmiRs 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 

MAGNA PHYSICS JAMES R. HENDERSHOT 

100 Homestead Ave. TEL: 513-393-9835 

HILLSBORO, OH 45133 FAX: 513-393-9836 


DAVID NEWMAN & ASSOCIATES pc 
PATENT AND TRIAL LAWYERS 
PhD, Elect Engr, JO 

PATENT, COPYRIGHT AND 
COMPLEX TECHNOLOGY RELATED CASES 

"■NATIONWIDE — 

PROSECUTION • LITIGATION 
TEL 301 934-6100 FAX 301 934-5782 


Richard W. Brounley, P.E. 

RE ENGINEERING CONSULTANT 
Specializing in the design of solid state 
RE transmitters and associated circuits 
• Complete RE laboratory facilities • 

• Prototype Development • Pilot production runs • 
• Production follow-up • 

7381 114Ave.N., Unit 410 
Largo, EL 34643 
(813) 546-9371 


STEVEN J. CROWLEY, P.E. 

Consulting Engineer 

• Communications and Information 

• Spectrum Planning and RF Design 

• FCC Engineering Support 

• Strategic and Competitive Assessment 

• Technicial Communication 

1133 15th St., N.W., Suite 1200 Washington, D.C. 20005 
Telephone (202) 223-1101 Fax (202) 383-2906 


ELECTRIC MACHINERY ASSOCIATES 

Consulting on Large Motor/Generator Design 

• Standby Power Generators 

• Cogeneration Site Installation 

• Variable Speed Thyristor Drives 

• Electric Vehicle Conversions 

• ANSI/NEMA Standards Qualifications 
3110 William Pitt Way 

Pittsburgh, PA 15238 Telephone: (412) 826-3660 


SPREAD SPECTRUM 


Communications Systems Engineering, Inc. 

• Specializing in Spread Spectrum systems. 

• ECC Part 15 apps, direct sequence or hopping. 

• Low cost, alignment free implementations, DSP. 

• Complete RE and digital laboratory facilities. 

1004 Amherst Avenue Phone: (310) 820-3825 

L.A. ,CA 90049_Fax: (310) 820-6761 


SIGNAL INTEGRITY 

• Crosstalk 

• Transmission Lines 

• Interconnect Delay 

• Field Solving 
Integrity Engineering, Inc. 

St. Paul Minnesota, (612) 636-6913 
Email: Iboh@inlgrty.mn.org 


ELECTRIC W OfOn DCS IGM 
SIIVIULATION SOFTWBRE 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 
MAGNA PHYSICS JAMES R. HENDERSHOT 

100 Homestead Ave, TEL: 513-393-9835 

HILLSBORO, OH 45133 FAX: 513-393-9836 
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CREATIVE ENGINEERING 

• Digital Signal Processing Consulting/Contract R&D 

• Real-Time DSP Custom Code/Design 

• Signal and Speech Processing Software Design 

• Education/Training Services, Seminar Development 
Creative Engineering 

3 Canada Square East, Unit 229 
Wheaton, IL 60187 

Tel: (708)- 972-1514 Fax: (708) 783-9712 



DSP Consulting 

Algorithm, SA/V, Hardware Design 
Systems’ anaiysis, System integration 
Real-time, Adaptive Systems 
Audio, instrumentation. Control 

Butterfly Signal Processing Consultants 
131 Bloor St. W #200-154, Toronto, Ontario MSS 1R8 
TEL 416 929-5754® FAX 416 929-5744 




Patent Attorney 


E lectronics/S oftware 

I. lonescu, MSEE, PE, JD, MBA 
203-381-9400 (FAX 203-381-9401) 
Box 697, Stratford, CT 06497 
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Scanning 

The Institute 


Globalization committee 
seeks bigger worlti presence 

Several ways of increasing world member¬ 
ship are being considered by the IEEE’s 
ad hoc committee for the globalization of 
the Institute. A more flexible membership 
structure might be one way to attract more 
members, with extra categories being aded 
to the present seven, according to the com¬ 
mittee chair, President-Elect H. Troy 
Nagle. Added options might include, for ex¬ 
ample, groups devoted to the practical as¬ 
pects of design and applications (for exam¬ 
ple, for digital design, analog circuits, and 
manufacturing). 

Another possibility is novel kinds of net¬ 
works to help members get in contact with 
each other. As an example, Nagle cited the 
relatively new consultant networks being 
set up in several IEEE Sections. He sug¬ 
gested that other networks could be pat¬ 
terned after that model or that different 
models might be developed. A subcommit¬ 
tee on membership options, chaired by 
James Tien, has been set up to examine 
this approach. 

Some of the globalization committee’s 
other activities will be to: 

• See that fewer members leave (like stu¬ 
dents and recent graduates). 

• Enter into partnerships with national elec¬ 
trical engineering societies. 

• Improve industry’s support of and partici¬ 
pation in the IEEE. 

• Emphasize the IEEE’s role in the interna¬ 
tional electrotechnology community. 

PEER II job search abandonetl 

IEEE-United States Activities (lEEE-USA) 
has had to abandon one of its efforts in the 
job placement business. Instead, it will di¬ 
rect members to local IEEE and commer¬ 
cial employment agencies. 

A year-long contract with Success 
Systems Inc., Torrance, CA, to run the 
Professional Engineering Employment 
Registry II (PEER II) was not renewed 
when it expired. The main factor in the 
decision was members’ dissatisfaction with 
the service, according to John E. Martin, 
chairman of lEEE-USA’s Employment 
Assistance Committee. 

Not just a resume referral service, the 
registry was to give a job seeker diskettes 
of job openings culled from companies, 
placement services, and periodicals on the 
basis of such factors as his or her location 
preferences, areas of expertise, and length 
of experience. 

The problem, according to one IEEE 
staff member, was that “there’s not a whole 
lot of jobs out there for engineers,” so that 


people with 25 years of experience would 
receive listings for entry-level jobs. “I’m 
sorry it didn’t work,” said Martin. ‘It sound¬ 
ed so great.” 

He pointed out that members can avail 
themselves of local IEEE job referral ser¬ 
vices in Boston; Long Island, NY; Cleveland, 
OH; and San Diego, Long Beach, and 
Orange Country, CA. Members may obtain 
a list of existing commercial registries 
(some of them are free), participate in 
IEEE-cosponsored job fairs and workshops, 
and obtain lEEE-USA videotapes and 
books. Contact lEEE-USA for more details 
by calling 202-785-0017. 

/I/IES honor awartled to Herz 

Eric Herz (F), director emeritus of the 
IEEE, received the Kenneth Andrew Roe 
Award from the American Association of 
Engineering Societies. The award recog¬ 
nizes an engineer who has been effective in 
promoting unity among the engineering so¬ 
cieties of the nation and the world. Herz re¬ 
ceived an honorarium of US $3500 as well 
as a framed citation. 


Coming 

in Spectrum 


BUSINESS NO L0N6ER AS USUAL. The mas¬ 
sive layoffs at high-technology multinational 
corporations herald permanent changes in 
business globally and are not just a belt¬ 
tightening response to cyclical hard times. 
For example, lifetime employment may be 
giving way to the engineering free lance, 
says this special report. 

LOSSLESS DATA COMPRESSION. Squeezing the 
redundancy out of a file with a compression 
algorithm makes the data less costly to 
transmit. The applications for lossless com¬ 
pression are varied, as are the mathema¬ 
tical approaches that may be used. 


II. The spread of future 
computer viruses will be favored by greater 
machine speed and interoperability—and 
possibly countered by automatic threat 
characterization and statistical “kill signals.” 
This is the second part of a two-part article. 

THE NEED FOR OTHERS’ KNOW-HOW. The com¬ 
petitive gathering of industrial intelligence, 
long a Japanese forte, will be key to corpor¬ 
ate success in the ’90s, argues the author— 
a Japanese. 


In the first 
successful case brought under the 1984 act 
protecting IC layouts, Brooktree Corp. won 
huge damages against American Micro De¬ 
vices Inc., which was found to have in¬ 
fringed three Brooktree IC patents. 


ADVERTISING SALES OFFICES 




ADVERTISERS INDEX 


Circle numbers on the Reader Service Card, 
opposite page 62, that correspond to the ad¬ 
vertisers listed below. ’Advertiser in North 
American edition. 


Alacron 

Ansoft 

•AT&T 

Autotestcon '93 
Bimillennium 
Boeing 
CACI 

'Computer Business Service 
'Dalanco Spry 
*DGS Associates 
Digital Equipment Corp. 
'Elek-Tek 

'IEEE-United States Activities 
Integrated Systems 
Intusoft 
Mathworks 

National Instruments 
NEC 

Neural Ware 
Parkland Group 
Pearson Electronics 
'Phoenics North America 
Photonics ‘93 
'Pierson Associates 

Safe Engineering Services 
'Salary & Fringe Benefit Sun/ey 
'SciTech 
Seabury & Smith 
'Systems Engineering Associates 
'University of Massachusetts 
Visual Numerics 
'Z-World Engineering 
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Windows is a registered trademark of Microsoft, 
AutoCAD is a registered trademark of AutoDesk Inc. 
Maxwell is a registered trademark of Ansoft. 


Theory by Maxwell. 
Solutions by Ansoft 

Ansoft's Maxwell® CAE software uses 
electromagnetic simulation to predict 
product performance from physical 
design information. 

Our products provide valuable design 
insight, save prototyping dollars, shorten 
design cycles, and ensure both reliability 
and peace-of-mind. 

And they just got even better. 

Introducing Maxwell 2D for 
the Microsoft^ Windows" 
Operating System 

The Maxwell 2D Simulator now runs 
under Microsoft Windows 3,1, the 
standard for PC graphic interfaces. 

And yes, it is Windows NT readyl 

The panel and icon-driven interface* 
raises the standard for easy-to-use 
electromagnetic design software. 

We've added integrated adaptive analysis 
push-button solutions optimized for your 
models. Quite simply, no other system - 
FEM or BEM - will get you productive 
faster. Period. 

You also get an AutoCAD interface. 
Expanded documentation. And a built-in 
upgrade path to our 3D simulators and 
electronic design products. 

Best of all, our new pricing makes 
electromagnetic simulation more 
affordable than ever. 


Join the hundreds of engineers that 
already use Maxwell! For an information 
or demonstration package, or to talk with 
an applications engineer, call Ansoft 
today-(412) 261-3200 X201. 

* OSF/MOTIF interface on UNIX platforms 



Ansoft Corporation 
Four Station Square 
Suite 660 

Pittsburgh PA 15219 USA 
TEL (412) 261-3200 


AM^rVT FAX (412) 471-9427 
“JVi/l I internet:info®ansof 
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Introducing PV-WAVE Advantage 

... a better way to visualize, explore, and understand your data. 


GUI tools (widgets) allow you to quickly create your own 
1, mouse-driven user interfaces. 


PV-WAVE Advantage brings you the power of 
mathematics with interactive visualization. 

By seamlessly integrating the world’s best numerical analysis libraries from IMSL and 
visual data analysis software from Precision Visuals, PV-WAVE Advantage provides a 
new way to interpret large amounts of data quickly. IMSL and PVI products have given 
world-class technology to technical and business professionals in more than 20,000 
organizations in over 65 countries since 1970. 

PV-WAVE Advantage is ideal for data analysis and visualization applications where the 
data sets are large and the time is short, in application areas, such as: 

• test engineering • process monitoring • seismic analysis 

• decision support • financial analysis • simulation 

• image processing • energy exploration • quality control 

• signal processing • experimental analysis • environmental engineering 


Fax the information beiow 
to our main distribution center in the U.S. 
fax: 713-242-1467 
Or teiephone: 713-279-1185. 

Name_ 


yi: 


Request your 
FREE 
PV-WAVE Advantage 
evaluation kit today! 


You get VDA functionality such as 2D and 3D plotting, volumetric visualization, image 
and signal processing, animation, and now the seamless integration of the complete 
IMSL C numerical libraries including: 


• linear systems 
« eigensystem analysis 

• interpolation and 
approximation 

• quadrature 


' time series analysis and 
forecasting 

' multivariate analysis 
' probability distributions 
' random number generation. 


' differential equations ' 

• transforms 

• nonlinear equations 

• optimization 

• correlation and regression ■ 

• analysis of variance 

And now ... 

PV-WAVE:Database Connection - easily input your data from Oracle® and Sybase®; and 
PV-WAVE;Maple - extend your analysis with the power of symbolic computation. 

Get the Advantage ... PV-WAVE Advantage I 
Contact us today for your free no obligation evaluation 
package. 


SI Visual Numerics™ 


Seamless 
integration 
of hundreds 
of IMSL 
numerical 
functions. 


, Array-oriented language allows you to 
•— quickly visualize, explore, manipulate, 
and analyze trends in your data. 


Image Processing as 


Graphics 


Processing 


Superior interactive 
graphics include 
raster and vector, 2D, 
3D, and higher 
dimensions. Graphics 
can be simultaneously 
displayed, to help you 
quickly identify 
important features in 
your data. 


































